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SLA, whatever its contributions to art and science, has, humanely 
speaking, taught little to the west as to either the means of form- 

ing its illustrative collections or the manner of displaying them ; in fact, 
as far as I am aware, the trend of Asiatic culture has been rather to 
deter its people from collecting. For such an interest, to pure eastern 
ideals, would foster the heresy that the things of this world are to be 
the more highly prized: or, in another direction, it might suggest unde- 
sirable ostentation. It is from the latter point of view, in fact, that a 
Japanese collector will still decline to exhibit his treasures outside of 
the circle of his intimate friends. In any event, whatever be the rea- 
sons, I think it may safely be said that comprehensive collections were 
early unknown in the east. In India, land of fabulous riches, the pre- 
European collections appear to have been confined to the cabinets of 
rulers and the wealthiest civilians, and were made up largely of deco- 
rated objects, ivories, jewels, arms, now and then menageries—the last 
sometimes including exotic animals. Such collections were usually 





little more than a gathering of valuable heirlooms, objects obtained 
during travels, and curiosities generally... And similar conditions pre- 
vailed, as far as I was able to find, in China. In Japan, small collec- 
tions were, and are, very numerous. Professor Morse, knowing his 
theme more accurately than Huish, describes the Japanese as a nation of 
collectors ; but such collections, as I think all will agree, are notable for 
their quality rather than their comprehensiveness, and are formed in the 








*I recall, as a typical specimen in such an early collection a copy in ivory 
of a human skeleton which a rajah (of Tanjore) had caused to be prepared in 
Paris—for a genuine one could not, according to the rules of caste, be used in 
his anatomical inquiries. 
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strictest sense for private use. In Japan, as elsewhere in Asia prior to 
the invasion of European methods, there was not, I believe, a single 
public museum, unless indeed we regard as museums the storehouses of 
temples. These, however, contained, little more than the reserve stock 
from which objects for temple service or decoration were chosen. 

The earliest Asiatic museum appears to have been established in the 
Moluccas, about half a century after their definite settlement by the 
Dutch, and in the classic work* of Georgius Everhardus Rumphius, 
written at the close of the seventeenth century, we have a record of the 
number and variety of objects which had been gathered together by this 
enterprising collector in the room of curiosities in Amboyna (Amboin- 
sche Rariteitkamer). It is evident that this collection was well repre- 
sented in mollusks, crustaceans and echinoderms. It contained a number 
of minerals and a small collection of fossils, the latter representing many 
groups. The-descriptive catalogue of Rumphius, it may be mentioned, 
is well known to naturalists as containing the first account of the soft 
parts of the chambered nautilus, accompanied, too, by a figure which 
for a century and a half proved the most accurate in existence. Few 
details appear as to the organization of this pioneer Asiatic museum. 
Its founder was a well-to-do merchant in Amboyna, and it was prob- 
ably installed in one of his warehouses. As far as I am aware, there is 
no proof that it was formally opened, in the sense of a modern museum, 
but by analogy of contemporary collections it is probable that the curi- 
osity room of Amboyna was as freely open to visitors as the similar 
collections in London, Dresden or Paris. 

In India the modern public museum found its definite foothold at 
the time of the extension of British rule. At the end of the eighteenth 
century, there were already active collectors among the officials of the 
East India Company, but in general the material then collected, 
whether ethnological, plant or animal, found its way into Europe. 
In the work of Linnzus, for example, we find record of many Indian 
species which had been sent him by European collectors. It was by 
such early workers in various Indian cities that societies were formed 
which became of considerable importance toward the middle of the 
nineteenth century. And it is to these local societies that the origin of 
many of the recent museums is due. 

In the present paper it is not my plan to refer even in outline to 
all museums of Asia. Those of Japan are so important that they 
might conveniently be reserved for a separate paper. The Dutch mu- 
seums, moreover, I have not had an opportunity of visiting, nor yet 
those on the continent in the Malayan states. When in Calcutta, I 

2 Amsterdam, Francois Halma, 1705. Part of the collection, as Mr. C. 
Davies Sherborn has kindly ascertained for me, was later sent to Europe and 
sold, 1682, to Cosmo de Medici III. It was subsequently transferred to Austria 
as part of the Medicean inheritance. 
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was told by Dr. Annandale of the interesting museum at Kuala Lumpur 
in Selangor, the federal capital of the Malayan states, which promises 
te be most complete. A building is here in process of construc- 
tion, which will make this museum twice the size, for example, of 
the well-known museum at Colombo. Its present curator is the orni- 
thologist, Mr. H. C. Robinson, formerly of Liverpool. I learned also 
of the museum at Thai Ping, capital of Perak, which contains a remark- 
able ethnological cabinet and an extensive collection of Malayan rep- 
tiles. This museum, under the direction of Mr. Leonard Wray, is, I 
was told, one of the most interesting in Asia. ‘The museum at Bankok, 
on the other hand, is less important, in spite of the apparently more 
favorable conditions under which it has grown up. And its arrange- 
ment leaves much to be desired. 

Of the museums in the Dutch East Indies, that at Batavia is easily 
the first, containing extensive local collections, both ethnological and 
faunistic. A second museum, at Trevandrum on the west coast of 
Java, has received the favorable comment of experts. Its collection 
of whales is especially complete. 

The museums in China may be dismissed with but few words. In 
the Chinese treaty-ports there is little interest in museum matters on 
the part of resident Europeans, whose ways are commercial, and under 
existing conditions the Chinese authorities can hardly be expected to 
grant funds for such purposes. The best Chinese museum is the 
one at Hong Kong. It has a separate building with well-lighted 
galleries, and exhibits a fairly extensive series of natural history and 
ethnological objects, coins, etc. It is clear, however, that its resources 
are very restricted, and such a museum, whatever its effect upon the 
oriental visitor, is apt to be uninspiring. In Peking, however, in con- 
nection with the Imperial University of China, an important museum 
will soon be opened; it may be mentioned that this branch of the gov- 
ernmental educational work has been largely directed by the Japanese. 

The museums of the following cities may be given a more detailed 
report, viz., Singapore, Colombo, Madras, Calcutta, Lahore and Jaipur. 
The museum in Bombay is said to be uninteresting, and I neglected to. 
visit it. 

SINGAPORE 

The museum at Singapore, known as the “ Raffles Museum,” had its 
origin (1844) as a proprietary library in which local curiosities came 
to be preserved. In 1874 the institution was taken over by the 
British government (Straits Settlements), and in 1887 the present 
building was provided to house a collection acquired at the time of the 
Victorian Jubilee. The building is well proportioned, suitably lighted 
and planned, Fig. 1, but too small for its needs, and the authorities 
are now constructing an addition. This will be of the same size as the 
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FiG. 1. SINGAPORE. HE RAFFLES MUSEUM AND LIBRARY. 


earlier building, and is to be connected with it by a wide gallery pass- 
ing from behind the main staircase. Each building measures about 
250 feet long by 50 feet wide; the cost of both buildings amounts to 
about $100,000. Building, it will be seen, is distinctly less expensive 
than in the Occident! 

The site of the museum is in a small city park. Entering the 
building from the town side, one passes into a spac ous rotunda well 
filled with cases, and giving one the preliminary color of the local 
fauna. Prominent, for example, is a tiger fairly we] mounted, and 
with a jungly background. This huge creature had been, I was told, 
the household pet of a local Rajah. One may mention, incidentally, 
that the tiger is decidedly on the increase in the Malay Peninsula, 
indeed even in the immediate neighborhood of Singapore. The col- 
lection of insects in the museum is important. In the rotunda is a 
series of native beetles and orthopters, including among the former, 
wonderful longicorns and Scarabeeids; and, among the orthopters, 
the best examples I have seen of leaf insects and walkingsticks. At 
one side of the rotunda is the entrance of the Raffles l'brary (now 
grown to 30,000 volumes), which is devoted largely to works dealing 
with local natural history and ethnology. At the back of the rotunda, 
one ascends the stairs and enters the natural-history gallery and the 
ethnological rooms. Among noteworthy exhibits I recall the collection 
of local butterflies and moths, and a series, possibly the best extant, 
of paradise birds. The reptiles include turtles, crecodiles, and a 


great number of local snakes. The cases containing the gibbon and 
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ourang would, I am sure, be cordially envied by the best western 
museums, even tlhitugh the mounting is not quite up to the present 
standard. I recall particularly one male ourang with a splendid head, 
and of extraordinary size. Among the zoological rarities are the relics 





of a very young dugong. This had been brought to the museum living 
and the preparations are accompanied by sketches of the living animal. 
In invertebrate material there is the usual range of crustacea, corals 
and sponges, most of them carefully determined. The ethnological 
cabinet (Malayan) is important, as one might expect, and its arrange- 
ment is well carried out. There are models of houses, some with 
inao suspended about them, suggesting primitive Japanese buildings, 


“e 


even with the curious “ frog-thigh beams ” crossing at the ridge pole, as 
in the most primitive Shinto temples, and with these are many sug- 
gestions of relationship with Japan. Of Dyak objects there are rich 
gatherings, including a collection of krisses, costumes, ornaments, 
ete. There are a number of the sharply-perforated carvings still 
used to decorate Urala ceremonial feasts, groups of objects used in 
marriage ceremonies, collections illustrating local basket-making, an 
art in which the Malayans are especially skillful. There are also cases 
of native cloths, coins and ornaments of gold and s'lver, the latter 
not as good in quality as one might reasonably expect. In the artistic 
treatment of many of these objects there are obvious affinities with 
the South Seas. Much of the success of the present museum has 
been due to the labors during the past dozen years of the director, Dr. 
R. Hanitsch, whose picture, as he stands in front of h’s bungalow, near 











FiG. 2. SINGAPORE. BUNGALOW OF THE MUSEUM-DIRECTOR, DR. HANITSCH. 
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the museum garden, is shown in Fig. 2. Dr. Hanitsch is a graduate of 
the University of Jena, and was for many years demonstrator in zoology 
in the University College of Liverpool. The former director was the 
well-known ornithologist, Mr. W. Davidson. 


COLOMBO 

This museum, oldest in its building (1877) and in some regards 
best of Asiatic museums, was built on the outskirts of the city in the 
middle of the old cinnamon gardens. It is especially important to the 
general visitor as giving him the only practicable glimpse of the antiq- 
uities of Ceylon. It stands back from the red road, its buff-colored 
and long two-storied facade appearing prominently against a setting 
of tropical trees. On the ground floor are arranged the antiquities: 
in one room are objects in precious metals and stones, arm-rings, neck- 
laces, utensils, caskets, sword handles; and near by are figures dressed 
in Cingalese finery of early times; on another side is a library con- 
taining Ceylonica, and a mass of the ruler-shaped books with palm- 
leaf pages scratched with Sanscrit ; on still another side, in an imposing 
gallery, is a collection of architectural and decorative objects in wood 
and stone, including the colossal lion brought from Pollonarna, on 
whose back the native kings sat when they administered justice. Here 
also is the beautiful window from the ruin of Yapahoo, and a huge 
portrait statue of a twelfth-century king. On the walls of the main 
staircase are copies of the frescoes of the caverns of Sigiri. The collec- 
tion of antiquities extends even into the garden, where several of the 
larger statues and a shrine are exhibited. The upper story of the 
museum is devoted to natural history, and here the distinguished 
director, Dr. Arthur Willey, has arranged groups of animals to give the 
visitor an adequate picture of the wild life of Ceylon. Alcoholic and 
dried specimens are well displayed and labeled, and even living speci- 
mens are interspersed, as in a case containing leaf-resembling insects. 
Dr. Willey has taken greatly to heart the need of exhibiting living 
creatures in the interest of his museum and, in the garden adjoining 
his office, he has arranged a small menagerie, which has proved a 
great attraction no less to foreign visitors than to natives. Nor does 
Dr. Willey escape his living charges even when he goes to his bungalow, 


for there I saw a fine series of the rare lemur, Loris, as well also as a - 


specimen of Ichthyophis glutinosa, the earthworm-like amphibian whose 
development was studied by the Sarazins. 

No one should leave Ceylon before paying a visit to the renowned 
botanical gardens, with a small museum, at Peradeniya; for it is but 
seventy miles from Colombo and at a delightful altitude (1,500 feet). 
For here within a small area one may see, with a minimum of discom- 
fort, the rarest and most striking tropical plants, from minute orchids 
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to banyan trees: and one wanders about as in a land of enchantment, 
amid traveler’s palms, which will spout water if one punctures a stalk, 
breadfruit, cocoanuts, nutmegs, cinnamon, deadly upas trees, Bauhinia 
racemosa, with its cable-like stems, and the telegraph-plant, Desmodium 
gyrans, automatically lifting and dropping its leaves. Incidentally, 
‘too, there are zoological interests. Not uncommon are trees infested 
with flying foxes: and in the neighborhood the traveler to the east 
may see his first elephant working in the fields, but willing to show 
his paces for a few pice; so too one might happen to make the acquaint- 
ance of land-leeches, which find their way unpleasantly through the 














Fie. 3. COoLomMBO, CITY MUSEIM, 


buttonholes of his shoes. But as an offset to this he may see a wild 
peacock, glorious in color. Or he may discover a cobra and induce it 
to display its hood. 
MapRas 

The museum in Madras is in many regards a quite modern in- 
stitution. Its buildings are new and spacious, built of dark brick and 
terra-cotta in Indo-Saracenic style, Fig. 4. Its collections illustrate 
admirably the natural history, archeology and art of southern India. 
Included with it, also, is the important Connemara library, rich in 
material relating to the history of Madras. The natural-history section 
is the oldest of the museum, part of its collection dating from 1846, 
Fig. 5, and it has the interest of including within its animal galleries 
a number of living specimens. The archeological section is rich in pre- 
historic objects, especially pottery: it contains, however, many objects 
of the sixteenth and seventeenth centuries, arms, armor and cannon, of 
the days of European as well as of native wars. Among other curious 
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Fic. 5. MADRAS. VIEW IN ONE OF THE NATURAL HISTORY GALLERIES. 








Fic. 6. MADRAS. GALLERY OF METAL WoRK. 
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relics is a large swinging-post terminating in an elephant head, probably 
unique, which in a remote village was used up to relatively recent times 
for human sacrifices. The art objects are represented in great variety 
and are attractively exhibited, textiles, pottery, wood and metal work, 
musical instruments, drawings. One recalls especially the suite of 
pictured cotton curtains for which Madras has long been noted; also 
the beautiful repoussé work in precious metals (Fig. 6). The museum 
is distinctly one of the most successful in India. Its director is the 
zoologist, Dr. Edgar Thurston. 


CALCUTTA 

The museum of Calcutta is far and away the most imposing of 
Asiatic museums, representing, as it does, the government of India in 
the imperial capital. Its buildings, Fig. 7, are the most extensive and 
its collections the most important. In this region, moreover, it is the 
oldest, for it preserves the collections of the Asiatic Society of Bengal, 
founded in 1784. 

The success of the museum, it may be remarked, has been due in no 
small degree to its tradition of selecting directors eminent both as 
scientists and as executives. It was to Mr. Bly, anearly curator of the 
Asiatic society (1842 to 1862), a voluminous correspondent of Darwin, 
by the way, that the credit belongs for securing governmental assistance 
in erecting the museum’s first building. His successor was John 
Anderson, who remained in charge until 1886. And his, in turn, was 
Dr. Wood Mason, 1886 to i893. And from that time to the present, 
the director has been Major A. Alcock, widely known for his researches 
on the deep-sea fauna-of the Pay of Bengal. 

















Fic. 7. CaLcurta. THE INDIAN Museum. Front view. From Chowringhee. 



































NOTES ON ASIATIC MUSEUMS 








Fic. 8 CALCUTTA. HALL OF INDIAN MAMMALS. 


At the time of the opening of the new museum (about 1890) the 
collections of the Asiatic Society were transferred to the British govern- 
ment. They comprised principally three classes of objects, zoological, 
ethnological and archeological, the last of unique importance. They 
include the antiquities secured by Colonel Mackenzie from the Amra- 
vati tope (1796 and 1816), and the collections of the Tytlers, Kittoe and 
General Cunningham. The last named investigator, one of the founders 
of the museum, secured for it also the objects from the Bharhut stupa. 
The entire collection thus contains in large measure the figured speci- 
mens in Indian archeology and it is especially rich in the finds from the 
neighborhood of Lucknow, Nagpore, Benares and Delhi. The ethno- 
logical cabinet is based upon the collection of Roer, whose catalogue 
dates from 1843. By 1882 no less than 600 crania were listed. The 
zoological division of the museum is based upon the Blyth collection of 
the Asiatic Society. As early as 1862 there were represented 600 
species of mammals, 2,000 species of birds, 300 of reptiles, and 1,000 of 
mollusks; and since this time the zoological collection has increased 
vastly. Figs. 8, 9, 10. 

The Calcutta museum expanded notably about two decades ago, 
when it incorporated two allied institutions. The first of these was 
the economic museum of the government of Bengal (added in 1887), 
whose collections are arranged in separate galleries, and the second, the 
collections of the geological survey, these added (about 1890) when 
the public museum was opened. The subsidy for the latter institutions, 
it may be mentioned, is separate from that of the main museum, about 
40,000 rupees a year being granted by the government for their annual 


support. And a similar appropriation is made for the remainder of the 
museum. 
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Under the present director the 
work of the museum has made 
notable advances. During the past 
twelve years over 100,000  speci- 
mens have been entered in the 
books of the museum and _ the 
new material has been extensively 
studied. Especially through the 
cruises of the /nvestigator carried 
out under Major Alcock’s direction 
(Major Alcock came to India as 
surgeon-naturalist (1888-1892) to 
examine the sea-barriers of India), 
a wealth of marine material has 





been placed in the hands of special- 
ists throughout the world. And 
the museum had already published 





many memoirs upon it-—twenty- 


Fic. 9. CALCUTTA. PORTION OF THE BIRD 
HALL. 


five, or thereabouts. It might be 
mentioned, as a sad commentary 
upon the relation of politics and science in India, that the well-known 
gallery of fishes arranged by the director, after years of labor, has 
recently been demolished by order of the Viceroy, Lord Curzon, who 
could find in Caleutta no other gallery in which to house a collection 
of relics of the Sepoy rebellion ! 

The invertebrate collections of the museum are extensive and well 
displayed. Particularly interesting is the entomological cabinet which 
includes the de Nicéville iepidoptera and the Dugeon hymenoptera, the 
latter comprising about 1,000 type specimens. The entomological sur- 
vey underteken by the museum is its last development, establishing in 
1903 the first entomological laboratory in India, in connection with a 
commission of forestry. Equally important are the geological ma- 
terials exhibited in the museum. 
Of meteors, no less than 400 falls 
are represented. Of ores there are 
many varieties, especially in man- 
ganese. In fossils there is valu- 
able Cretaceous material, inclu- 
ding the types of Blanford ; among 
late acquisitions there is a wonder- 
ful specimen of Elephas antiquus 
(namadicus). The fossil mam- 
mals from the Sewalik Hills near 
Simla are also preserved in the 





Fie. 10. CaLcurta. A CASE IN THE REPTILE 
GALLERY. 
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gallery of paleontology, but they fail to impress a visitor who has seen 
the associated remains of late Tertiary mammals in other museums. 


LAHORE 

The museum at Lahore is known to most foreigners as the “ wonder- 
house” of Kipling, and in front of its door stands the ancient cannon 
with its memories of Kim and his lama. Although intended to rep- 
resent the natural sciences as well as the arts, this museum need 
hardly be referred to in the former regard, for its specimens are few 
and poorly displayed. In its materials for the study of art, however, 
it ranks among the foremost in the east. Its predecessor was a school 
of arts, founded as a memoriai to the Viceroy, Lord Mayo, and carried 
out during the early seventies, under its first principal and curator, 
Mr. J. Lockwood Kipling (1875-92). The development of the pres- 
ent museum then came about as a result of the Victorian jubilee. <A 
general subscription secured the necessary funds, and the corner-stone 
of the present building (Fig. 11) was laid by Prince Victor in Feb- 
ruary, 1890, and its collections were opened to the public two years 
later. The design was furnished by Mr. Lockwood Kipling in coop- 
eration with the Indian architect Bryam Singh. 

As in the majority of the Indian museums, the native style has been 
as closely followed as museum needs would permit, and the tall galleries 
and massive doorways (Fig. 14) leave pleasant impressions in the 














Fic. 11. LAHORE, THE MUSEUM, 
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THE HALL OF GRXCO- 
BACTRIAN SCULPTURE. 


Fig. 12. LAHORE. 
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visitor's mind. The exhibit space 
includes about 28,000 square feet 
and the galleries are 45 feet high. 
As already noted, the museum is 
interesting in its art exhibits, espe- 
cially in its Graco-Bactrian sculp- 
tures, for these, as is well known, 
played a most important part in 
the early art of northern India. 
This collection, occupying a special 
gallery 100 feet in length (Figs. 12 
and 13), was brought together in 
the northwest provinces during the 
early seventies, and is unique. To 
be mentioned also are the collec- 
tions of carved wood, musical in- 
struments, Hindu portraits, inclu- 
ding a series of the Singh, Hindu 
drawings, many Afghan documents, 
and technical exhibits decidedly 
modern in museum technique, illus- 


trating, for example, the arts of the Punjaub, glass making, lac turning, 


leather work, ete. 


In connection with these there are models of local 


industries cleverly carried out in terra-cotta by native artists. One may 


mention also a remarkable series 
of Madras curtains elaborately 
stamped with religious ceremonies 
and personages. ‘The present ad- 
ministration of the art school and 
museum is in the hands of Mr. 
Percy Brown, artist and archeolo- 
gist, well known for his studies on 
Greco-Bactrian art. The museum 
is now affiliated with the Asiatic 
Society of Bengal, with the Geolog- 
ical Survey of India and with the 
Forestry Commission. As an echo 
of Indian social conditions one 
hears that the museum has been 
opened one day a month for Hindu 
women, women attendants then 
taking charge of the galleries. The 
museum is popular, and the attend- 
ance averages over 1,000 a day. 
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SCULPTURE. 


Fig. 13. 
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Fig. 14. Lanore. THE HALL OF NATIVE ARTS. 





Fie. 15 Jaipur. HALL OF METAL WorK. 
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JAIPUR 


Jaipur may be mentioned, finally, as furnishing the best type of a 
museum supported by a native prince—in the present case by the 
reigning maharajah, Sir Sawdi Madho Singh. It is an imposing 
monument to this ruler’s modernness, and it has already borne inter- 
esting fruit in developing and bettering the many art-industries of 
Jaipur. 

The building is by no means a small one—at least two hundred feet 
in length. It stands in the public gardens, an elaborate structure in 
Indo-Saracenic style, with shaded balconies and corridors, and with 
numerous courtyards cooled by plants and fountains, Fig. 16. Its 
scientific collection is small, limited to models and specimens of minor 
interest. But in modern and semi-modern art objects, in metal, stone, 
wood or textile, the present museum is, I believe, unsurpassed. Espe- 
cially beautiful are the examples of metal work, Fig. 15, many of 
which are the family treasures of the maharajah—gun-metal and silver 
bidri work, damaskeens from Kashmir, silver repoussé from Trichin- 
opoly and Ceylon, articulated objects in silver from Bengal, silver 
figures from Mathura, enamels in gold from Jaipur, in silver from 
Multan, brasses numberless, and a bewildering series of jewelry from 
all parts of India. Nowhere can one receive a more illuminating 
impression of the decorative possibilities in native art. An excellent 
reference, by the way, is the beautifully illustrated handbook of the 
museum prepared by its honorary secretary, Colonel Hendley (1895). 


WOL. LXXI.—32. 
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THE PLACE OF LINNAUS IN THE HISTORY 
OF SCIENCE* 


By ProressoR ARTHUR O. LOVEJOY 


WASHINGTON UNIVERSITY, ST. LOUIS 


+ he recent celebrations of the bicentenary of Linnzus’s birth had 

one sort of appropriateness in somewhat higher degree than is 
usual in such commemorations: they helped pay the debt of posterity 
to one of the great figures of the history of science in the currency that 
he had especially valued. For Linneus had very markedly the last 
infirmity of noble mind. Famam extendere factis was his chosen 
device, which he often prints, with a pride justified only by the event, 
upon the title-pages of his books; and his biographers are at one in 
emphasizing the intensity of his desire for fame. It was, indeed, the 
solid and enduring fame of the productive scholar that he sought, not 
the applause of the groundlings; his ambition was to link his name 
to some lasting and imposing part of the ever-enlarging fabric of 
organized knowledge, and thereby to take rank among the acknowl- 
edged masters of those who know. That this ambition, large as it was, 
has been more than fulfilled, is sufficiently evidenced by the world- 
wide commemoration of this anniversary of his birth—even in cities of 
the western continent which were themselves non-existent when he 
came into the world. No naturalist of his century, and few natural- 
ists of any period, have so universal a popular reputation, or are, by so 
nearly common consent, given a place among the immortals not far 
removed from Copernicus, Galileo, Descartes, Leibniz and Newton—to 
mention only his predecessors. Yet, when seriously scrutinized, Lin- 
neus’s position in the history of science is a peculiar one. With his 
name there is commonly associated no epoch-making hypothesis, not a 
single important discovery, not one fundamental law or generalization, 
in any branch of science. The forty years of his active life constitute 
a period prolific in fruitful hypotheses and signalized by the original 
enunciation of a number of valid generalizations of the first order of 
importance ; of none of these was he the author. To go no farther than 
the biological sciences which Linneus professed: Before 1750, Dau- 
benton and Buffon had begun to establish the new science of com- 
parative anatomy and were making known the striking homologies 
which run through the structure of all species of vertebrates; between 





1 Revision of a paper read before the Academy of Science of St. Louis at 
its celebration of the two hundredth anniversary of the birth of Linnzus. 
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1745 and 1751 Maupertuis had promulgated, and defended with effect- 
ive arguments, the theory of the transformation of species; in phys- 
iology, the significant fact of the independent irritability of muscle was 
discovered by Haller in 1757; in embryology, the doctrine of epigenesis 
was revived and finally established by Caspar Friedrich Wolff in 1759. 
As for the science of botany, the foundations had been laid, and the 
general outlines and principles which were to continue to rule during 
Linneus’s time had been established by the end of the preceding cen- 
tury. The founder of modern scientific botany is Cesalpino (1583). 
In microscopic plant anatomy and histology, the investigations and de- 
scriptions which were to underlie the science for something like a century 
had been made before Linnzus’s birth by Grew, Malpighi, Leeuwenhoek. 
In plant physiology, the réle of the sap had been studied by Malpighi, 
and the fundamental facts made clear by Hales in his “ Vegetable 
Staticks,” 1727; the function of pollen in the fecundation of seeds had 
been shown by Camerarius before the end of the seventeenth century; 
the existence of the sexual distinction in plants had been insisted upon 
by a long succession of botanists, English, German, Italian and French; 
and during Linnzus’s lifetime the physiological réle of leaves was being 
made clear (so far as the condition of chemistry at the time permitted) 
by the philosopher Christian Wolff? and by Bonnet.* 

Not only is all this true, but it is also a fact that Linnzus has been 
not absolutely unfairly represented, by one of the historians of modern 
science, as an obstacle to the scientific progress of his time. President 
White, in his “ Warfare of Science and Theology,” after speaking of 
certain anticipations of nineteenth century conceptions by DeMaillet, 
Robinet and Bonnet, remarks: 

In the second half of the eighteenth century a great barrier was thrown 
across this current—the authority of Linneus. . . . The atmosphere in which 


he lived and moved and had his being was saturated with biblical theology, and 
this permeated all his thinking. 


Yet, though in the intellectual movement of his time Linnzus was 
an extreme conservative, if not something of an obscurantist; though 
he was far surpassed by several of his contemporaries in that kind of 
insight and constructive power which leads to the discovery of the 
great general laws of nature; and though the heavy pioneer work even 
in his favorite science had been done before his time by the great 
investigators of the end of the seventeenth century—though all this is 
the case, none of these others equals Linnus in popular repute or in 
accepted standing in the history of science. I can not say that I think 
this altogether just, though if it be less than just, the proper inference 

7“ Entdeckung der wahren Ursache von der Vermehrung des Getreydes,” 
1718. Cf. also his “ Verniinftige Gedanken von dem Gebrauche der Theile in 


Menschen, Thieren und Pflanzen,” 1725, Pt. II., chap. 5. 
*“ Récherches sur l’usage des feuilles,” 1754. 
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is not that we should praise Linnzus less, but some of the others more. 
I have, however, mentioned these things, not for the sake of measuring 
out Linnzus’s glory with a hopeless attempt at exact distributive justice, 
but for the sake of defining more precisely, and in terms of explicit 
contrast—which is the only illuminating way of defining—the nature 
and limits of Linnzus’s contribution to the evolution of the sciences. 
He was the one naturalist of first eminence whose work lay entirely, or 
almost entirely, within the sphere of descriptive and classificatory sci- 
ence. His réle is precisely described by the term which he himself em- 
ployed; he was not the originator of, nor a great discoverer in, botany, 
but he was the “reformer” of that science, reformator botanices, and 
in a less degree, of zoology. And in using this term to describe his 
work, the emphasis should be upon the “form.” He was, in other 
words, an unsurpassed organizer, both of scientific material and of 
scientific research; he introduced form and order, clearness and pre- 
cision, simple definitions and plain delimitations of boundaries, into 
sciences previously more or less chaotic or confused or impeded with 
cumbrous and inappropriate categories and terminology. 

This reformation was the result of the three improvements effec- 
tually introduced by Linnzus and indissolubly associated with his 
name. The first, which seemed the most impressive and did most to 
establish his fame among his contemporaries and for several genera- 
tions thereafter, was really the least permanent and the least valuable 
of his contributions: this was the introduction of a new artificial sys- 
tem of classification, based, in the botanical field, upon the differences 
of the sexual organs of plants. The second was the introduction of the 
binomial nomenclature, the system of so-called “trivial” names, 
which put a final end to the hopeless length and complexity of botanical 
and zoological specific names, and sharply differentiated the naming of 
organisms from the description of them. The third and, I suppose, 
the most useful as well as most durable of all of Linnzus’s improve- 
ments, was the establishment of a new descriptive terminology in 
botany, the drawing up of a set of terms, each with clearly defined 
meaning, for designating concisely the distinguishable parts and organs 
of plants, and the several types of form of which each part is sus- 
ceptible. By these means Linnzus imposed order and harmony upon 
a realm that had hitherto suffered much from anarchy; he gave a com- 
mon language to those who tilled its fields, and provided them with 
working tools of an unprecedented simplicity and convenience. And 
where he thus introduced order he also, as a natural consequence, intro- 
duced abundance. Both directly and indirectly Linneus immensely 
augmented the store of concrete botanical information. The science 
thus simplified and systematized and given a convenient means of ex- 
pression became vastly more attractive and interesting; in particular, 














LINNZUS 501 


it came to be a field in which many minds, of all orders of ability, 
could do useful work, and could make their work dovetail into the 
work of others in such wise that each was conscious of having con- 
tributed a definite part to an immense and impressive edifice of an 
intelligible outline and design. Alike by the superior convenience of 
his classification, nomenclature and terminology, by the force and 
serious enthusiasm of his personality, and by the example of his ad- 
mirably exact observation, Linneus stimulated a prodigious amount of 
ardent and careful botanical and zoological research on the part of 
others. His own pupils went out, literally by the score, not only over 
Europe, but to the uttermost parts of the earth, to collect new species 
and study geographical distribution. A number of these young en- 
thusiasts, whose names are honorably recorded by one of Linnzus’s 
biographers, lost their lives in these expeditions. The eight volumes of 
Linneus’s “ Amecenitates Academice” contain 186 dissertations by 
almost as many of his pupils, the subject and treatment being in 
nearly every case suggested, and the results corrected, by Linneus him- 
self; most of these contain contributions of valuable—and many con- 
tain what were in their day highly original—botanical, zoological or 
mineralogical data. Nor was the effect of Linnzus’s simplification and 
systematization of botany limited to the setting of other and younger 
men of science to work. His efforts also notably increased the general 
vogue of botany, as a result of which it long enjoyed an exceptional 
popularity and an unusual amplitude of endowment among the sciences. 

This aspect of Linneus’s work is effectively presented—all the more 
effectively for a considerable touch of rhetorical exaggeration—by 
Magdeleine de Saint-Agy in his continuation of Cuvier’s “ Histoire des 
Sciences Naturelles” (1845); the passage illustrates so well, if not 
precisely, what Linneus did, at least what he had the credit of doing, 
that I venture to translate it. 


The influence of Linneus, says this historian, was not limited to the in- 
vestigations and voyages which he caused to be made; in imitation of him, 
similar voyages and investigations were ordered made by several states. Sweden, 
being a small and poor country, had no great means for multiplying such expedi- 
tions; but England, France and Russia had them carried out in great numbers; 
and Linneus during the last years of his life had the pleasure, as Condorcet puts 
it, of seeing nature inierrogated on all sides in his name. There was no class 
of people—even te princes—who did not busy themselves with natural history, 
and above all with botany——since this science presents none of the difficulties 
of anatomy and since the method of Linneus is of a simplicity which renders 
it accessible to everybody . . . Botany thus became universally familiar. Those 
who were fond of gardening multiplied the varieties of their plants, since they 
could now know the names of them without being Latin scholars, and since 
gardeners could now understand one another when referring to the plants they 
cultivated. All gardens, both botanical and pleasure gardens, were filled with 
a multitude of plants which rich folk had brought at great expense from foreign 
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lands. The taste for botany dominated all minds; kings became botanists, prop- 
erly so called, and were desirous of having their own botanical gardens. Louis 
XV. had the garden of Trianon; George III., that of Kew; Francis I., emperor 
of Austria, that of Schoenbrunn. These three princes were useful to the science 
by their gardens and by the emulation which they occasioned; but it is after 
all, to the happy discovery of a dual nomenclature that these advances were 
primarily due. From the moment when common names were to be had, corre- 
sponding in all parts of the globe, collections were zealously made; museums 
were enriched; and it was not difficult to multiply researches, now that the 
science was within everybody’s reach. . . . Such is the prodigious impulsion 
that Linneus gave to the science of natural history. 


Yet it is important, in the interest of historical truth, to point out 
that even in these things which constitute his peculiar work—speci- 
fically, in his reformation in taxonomy, nomenclature and terminology 
—Linneus was in no respect a pioneer or an originator. It was his 
good fortune to be able to develop and carry through suggestions and 
outlines of procedure which had been made by his seventeenth-century 
precursors, and to exploit to the utmost an abundant legacy of botanical 
knowledge, methodological ideas, and botanical interest which had 
come down to his generation. Nothing, indeed, could be farther from 
the truth than the notion which appears to have wide popular currency, 
that there was little botanical study or knowledge worth mentioning 
before Linnzus. It is, on the contrary, eminently a case where 
vizerunt fortes ante Agamemnona. Any who suppose sixteenth and 
seventeenth century botany to be a negligible quantity will find it in- 
structive to examine the shelves of the library of the Paris Jardin des 
Plantes; or to remember that Jean Bauhin’s “ Historia universalis 
plantarum ” (1660), consisting of forty books, contained descriptions 
of some 5,000 plants, with 3,500 figures, and cost the equivalent of 
about $18,000 to produce—or that, a little later, Ray’s “ Historia 
plantarum generalis” gave a classified arrangement and description of 
11,700 plants.* And while Linneus assuredly gave, as has been said, 
a great impulsion to the popular and fashionable interest in botany and 
zoology, it was an interest which was extremely well developed before 
his time—which, in fact, made his own work and his own contemporary 
fame possible. It was not through his influence first that states and 
monarchs learned the propriety of establishing botanical gardens. The 
Jardin royal du Louvre, for example, was established by Henri IV. 
in 1590, and the Jardin des Plantes was founded in 1626. By the 
middle of the seventeenth century both public and private gardens, 
often with scientific establishments connected with them, were becom- 
ing fairly common. And, as I have said, the particular reforms 
through which chiefly Linnzus achieved his results were essentially not 
discoveries nor innovations of his own. It will be profitable to note 





* These figures are taken from Hoefer’s “ Histoire de la Botanique,” 1872. 























LINNAUS 5°3 


briefly the earlier history of the ideas involved in each of these three 
reforms. 

First, then, concerning classification. Linnzus’s great precursors 
in this field were Cesalpino,® Ray and Tournefort. Cesalpino was a 
sixteenth-century enthusiast of the revival of the Peripatetic philos- 
ophy; and it was largely the influence of a fresh study of Aristotle’s 
logic and metaphysics which led him to condemn all the then cus- 
tomary ways of classifying and naming plants—by their medicinal or 
other practical properties, the localities in which they are found, and 
the like—as being based upon mere “ accidentia,” and to insist upon 
the necessity of an orderly arrangement by genera and species founded 
upon the presence of common visible characters. In his selection of 
the characters by reference to which the primary division into genera 
is to be made, he is guided by considerations drawn from the Peripa- 
tetic metaphysics. The essential character of any “substance” con- 
sists in its “end” or “function” (opus). The distinctive function 
of the vegetative soul is twofold, nutrition and “the generating of its 
own like ” ; the latter is the higher, and it also presents more numerous 
and sensible points of variation in different plants. It follows that 
plants should be divided into genera according to the differences in 
form and arrangement of their “ fruit-producing” organs (ex modo 
fructificandi, ex propriis quae fructificationis gratia data sunt). With 
this as a starting-point, Cesalpino proceeds to a series of successive 
divisions in which 840 species find place. Ray’s contributions to tax- 
onomy had less success and influence than those of Cesalpino and of 
Tournefort, and are therefore historically less significant ; but concern- 
ing their intrinsic merit it is worth while quoting the recently expressed 
opinion of a living botanist of high authority, who places Ray’ as a 
taxonomist above Linneus himself. It was the English naturalist, 
says M. Bonnier,* who must be regarded as “the true founder of the 
natural method”; “he it was who first enunciated the essential prin- 
ciples on which the classification of plants ought to be founded, who 
made clear the difference between phanerogams and cryptogams, who 
discovered the distinction between monocotyledons and dicotyledons, 
who established in a rational manner the main divisions of the vegetable 
kingdom.” 








* 1519-1603. Cesalpino was a physician to Pope Clement VIII., and pro- 
fessor of materia medica and director of the botanical garden at Pisa. He was 
the original discoverer of the circulation of the blood; the doubts which have 
been sometimes expressed whether he anticipated Harvey’s conception in its 
fullness have been shown to involve the overlooking of an explicit passage in 
Cesalpino’s “De Plantis” (1583): ef. Du Petit-Thouars in “ Biographie Uni- 
verselle,” s. v. 

*“De Plantis” (1583), Lib. I., Cap. XIII. 

*“ Historia Plantarum,” 1686. 

*“Le monde végétal,” 1907, pp. 48-9. 
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At a natural method Tournefort made no more attempt than did 
Linneus. But of the principles and purposes of a good artificial 
classification he had an entirely clear comprehension; and of such a 
classification of then known plants he gave an elaborate and imposing 
exemplification. Of what a “natural system ” would be, if one could 
attain to it, Tournefort, like his Swedish successor, had a conception 
rather mystical or theological than scientific; it would be an arrange- 
ment of animals and plants according to the “ natural ” or “ essential ” 
species established by “the Author of Nature.” But for his actual 
scheme® he recognizes plainly that the primary criteria are the prac- 
tical ones of simplicity and convenience. A genus or species, for 
botanical purposes, is “simply the whole group of plants that have a 
character in common which essentially distinguishes them from all 
others ” ; and in the selection of the characters by means of which the 
division is to be made we may ignore metaphysical considerations. 
Tournefort observes (apparently reflecting upon Cesalpino) : “ Let no ’ 
one say that, since the sole end of nature is the production of fruit, 
we ought to consider the fruit as the noblest part of the plant. The 
intentions of nature are not in question here, nor yet the nobility of 
the several parts; what concerns us is to find means of distinguishing 
different kinds of plants with the greatest possible clearness. If the 
least of their parts served this purpose better than those which are 
called the noblest, it would be necessary to prefer the former.” Tourne- 
fort’s actual classification, based upon the characters of both flowers 
and fruit, realized these ideals of serviceableness, convenience and con- 
sistency somewhat imperfectly. But it was the ruling one in the 
science for nearly half a century; and, accompanied as it was by careful 
descriptions of an immense number of species, it furnished a model 
upon which Linneus needed only to improve. 

The Swedish naturalist’s simplification of nomenclature was not 
only approximated, but acually anticipated, by at least one of his 
predecessors. As Professor Underwood has pointed out, the binomial 
system of naming plants was used by Cornut in his “ Canadensis Plan- 
tarum Historia” as early as 1635.7° Later Tournefort, a botanist of 
greater eminence and influence, though he followed this example only 
partially, insisted emphatically upon the need for a reform and sim- 
plification of nomenclature. So far as the names of genera are con- 
cerned, he observes that “one ought to make a very great difference 
between naming plants and describing them ”; he remarks that “ noth- 
ing is so unfavorable to the reformation of botany as the habit which 











*“Elemens de la Botanique,” 1694; the Latin version of this, “ Institu- 
tiones Rei Herbariz,” with some alterations, appeared in 1700. 

” Underwood in Torreya, October, 1903, and in PopuLaR SCIENCE MONTHLY, 
June, 1907. A brief and often binomial nomenclature is ascribed by Bonnier 
to Belon (d. 1574), whose work I have not seen. 
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has come to prevail of judging of the nature of plants from the ety- 
mology of their names,” and recommends that generic names be formed 
exclusively “ out of words that have of themselves no meaning”; and 
he ridicules the long descriptive names then used by many botanists." 
The designations of species, however, he considers, should consist of the 
name of the genus plus a clear descriptive indication of the differentia 
of the species; and since the latter can not always be expressed by a 
single word, Tournefort does not employ a uniformly binomial nomen- 
clature. But from the reforms already recommended and adopted 
by the great botanist of the preceding generation to the Linnean sys- 
tem of “ trivial ” specific names, the step was easy and obvious. 

Again, in providing botany with an appropriate set of terms for 
the concise indication of the parts and organs of plants, Linnzeus was 
merely following the suggestion and extending the work of another 
great seventeenth-century reformer in science. It was Joachim Jung” 
—a naturalist whose intellectual force so impressed his contemporaries 
that Leibniz did not hesitate to compare him to Aristotle, or Comenius 
to liken him to Euclid—who was the father of comparative morphology 
in botany, who introduced into the study of the characters of plants 
real thoroughness and precision, who insisted upon the need for a sys- 
tem of clear, unambiguous organographic terms, and who himself 
devised and introduced a number of the terms still in use. His “ Isa- 
goge Phytoscopica ” (1622) was wholly devoted to urging and exempli- 
fying this reform; all the principal parts of plants are distinguished 
and defined with admirable clearness, their possible variations of form 
noted, and new and explicit names for these variations proposed. Jung 
seems,'* for example, to have been the first to employ the terms petiole 
or pedicule and perianth; to classify the arrangements of leaflets as 
digitate and pinnate, and to subdivide the latter sort into paripinnate 
and imparipinnate; to speak of the disposition of leaves as opposed, 
alternate, triangulate, ete. The descriptive terminology of botany has, 
of course, since expanded immensely ; but the credit for the origination 
of the language of that science must unquestionably be assigned to 
Jung and not to Linnzus. 

It still remains true, however, that Linnzus united these three 
reforms in a single system; that he carried each of them farther than 
had any of his predecessors; and that by the force of his personality 
he was able to gain for them a general acceptance which they had 
hitherto lacked. Though we must, therefore, make some deduction 

““Elemens de Botanique,” 1694, pp. 14, 36,38. 

* Born in Liibeck, 1587, died at Hamburg, 1657. He published compara- 


tively little, and his principal botanical works were brought out by friends after 
his death. 


“The assertion that Jung was not anticipated in the use of these terms 
rests upon the authority of Hoefer, “ Hist. de la Botanique.” 
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from the current view of the originality of Linneus’s work as reformer 
and organizer of botanical knowledge, we need not on that account 
greatly lower our estimate of its actual importance in the history of 
science. And yet we must, to get a just picture, always remember the 
character, as well as the magnitude, of that work; we must remember 
that it was, all but exclusively, form, system, nomenclature and specific 
observations that Linnzus contributed to the biological sciences, rather 
than fundamental discoveries, pregnant hypotheses or illuminating 
general ideas. Even in the presence of the impressive picture of the 
solid results of Linneus’s life-work drawn by the French historian of 
these sciences, one can not help recalling a caustic remark—which I 
have already elsewhere cited—of Linnzus’s contemporary, Maupertuis, 
then president of the Berlin Academy of Sciences. Maupertuis spoke of 
zoology ; but we may generalize his observation: “ All these treatises on 
plants and animals which we as yet have,” he says (about 1750), “ are 
—even the most methodical of them—no better than pictures pretty to 
look at; in order to make of natural history a veritable science, natural- 
ists must apply themselves to researches which can make us acquainted 
not simply with the form of this or that organism, but with the gen- 
eral processes of nature in the production of organisms and the con- 
servation of them.” ‘Towards making natural history a veritable science 
in this sense Linneus did relatively little; but it is not quite true to 
say that he did nothing at all. Towards the discovery or the estab- 
lishment of two generalized laws respecting the processes of nature in 
the production and the perpetuation of vegetal organisms Linneus 
made some contribution; and of these something ought briefly to be 
said, the more because they are often neglected in the accounts of 
Linneus’s work. 

1. Although, as has been remarked, the fact of sexuality in plants 
had been noted by a number of great naturalists before 1718, the doc- 
trine was not, in Linneus’s youth, at all generally accepted. It was 
possible at the beginning of the eighteenth century for a botanist so 
eminent as Tournefort to combat and ridicule the idea; and for the 
Imperial Academy of Sciences of St. Petersburg, so late as 1759, to 
oiier a prize for the best argument either for or against the doctrine 
of sex in vegetables. Linneus gave the weight of his authority, as 
well as of some new experimental evidence, to the affirmative of this 
question. By him the fact may be said to have been finally established ; 
and by his sexual system of classification the idea was made a familiar 
and fundamental common-place of even popular botanical knowledge. 

2. By his doctrine of the “ Prolepsis Plantarum” and “ Meta- 
morphosis Plantarum ”—which one of his disciples declared to be “ the 
most subtle discovery of any which can be put forward by the investi- 
gators of nature in our age,” but which there lacks space to set forth 
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in its details—Linnzus began that theoretical reduction of the several 
parts of a plant to modifications, under special conditions, of a few 
simple organs, which Goethe was to elaborate and carry much farther 
in his “ Metamorphose der Pflanzen” (1790). Goethe makes due 
acknowledgment of his debt to Linnzus (who was his constant study 
in his early years**) in that treatise, the place of which in the history 
of botany is well known. Contemporary botanists would, I suppose, 
incline to question whether this theory has done greater service or harm 
to the progress of their science. Its chief value lay in its tendency to 
suggest the idea of the unity of type—and eventually the idea of the 
common derivation through processes of transformation—of different 
species. Both of these ideas were far from the mind of Linneus; with 
him the theory took the form only of the purely specific doctrine of the 
interchangeability of leaf and flower under varying conditions of nour- 
ishment, or at different phases of the individual plant’s growth. 

In these two instances, then, Linnzeus made some contribution to 
the unification, as well as to the augmentation, of knowledge. Yet his 
lack of any penetrating insight into the larger relations of biological 
facts and the absence in him of any sound grasp of scientific method, 
disqualified him from taking a place among those who have materially 
enriched our stock of the ideas and categories which may be used in the 
interpretation of nature. His emphasis upon the static aspects of the 
world of living organisms—upon the fixed characters of species—and 
upon the descriptive rather than explanatory business of scientific 
inquiry made his influence, on the whole, an obstacle to the develop- 
ment and diffusion of those evolutional ideas which were already stir- 
ring in a number of minds of his generation. His ineptitude in the 
more philosophic part of the naturalist’s work could not be better 
shown than in the one treatise in which he attempts a broad philo- 
sophical view and a wide correlation of organic phenomena. This 
writing, “(Economia Nature,” which was greatly admired by his con- 
temporaries, points out in how diverse and complicated ways organisms of 
different species interact with one another, and are reciprocally adapted 
to one another, as well as to the conditions of survival in their environ- 
ment. In dilating upon this Linnezus may be said to call attention, 
more than a century before Darwin, to the reality and importance in 
nature of the struggle for existence between species; for he shows how 
every kind of organism has its natural enemies, with which it keeps up 

“The poet himself wrote in his “ Geschichte meines botanischen Studiums ” 
(1817): “ After Shakespeare and Spinoza, it was Linneus who had the greatest 
influence upon me—chiefly, indeed, by the opposition that he provoked. For 
when I strove to make my own his sharp, clear-cut divisions and his apt and 
serviceable but often arbitrary laws, an inner conflict arose in me: what he 


sought forcibly to hold apart, the deepest need of my nature made me wish to 
bring back to unity.” 
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an unceasing warfare or competition, as a result of which the otherwise 
excessive multiplication of each kind is prevented and the equilibrium 
of nature is preserved. But all these just observations lead Linneus 
to nothing more useful to science than the quam pulchre! We are 
invited to see in the arrangement whereby the lion saves the lamb from 
the Malthusian inconvenience of over-multiplication simply an evi- 
dence of design in nature. It never occurs to the great naturalist to 
consider that, as Maupertuis put it, “since only those creatures could 
survive in whose organization a certain degree of adaptation was pres- 
ent, there is nothing extraordinary in the fact that such adaptation is 
found in all the species that now exist.” Looking upon the same gen- 
eral class of facts as those which were to be considered by Wallace and 
Darwin, Linneus finds in them nothing but the occasion for the whole- 
sale introduction of teleological considerations, in place of causal 
explanations. In setting the example of such a proceeding, Linnezus 
certainly did much to hold biology back from its proper methods and 
its proper problems. In this, as in his general failure to take a philo- 
sophic view of his subject, his mental attitude was peculiarly uncon- 
genial to the greatest intellect—if not the greatest botanist—of those 
whom he largely influenced. Goethe kept up a lifelong protest against 
all purely descriptive science and all introduction of teleological notions 
into the explanation of natural phenomena. And it is from Goethe in 
his old age that I may, in closing, quote a somewhat severe, but not 
unilluminating, remark upon the master of the poet’s early botanical 
studies ;'* since it contains a sort of philosophical pun, it is necessary 
to give it in the German: 


Eine zwar niedere doch schon ideelle Unternehmung des Menschen, ist das 
Ziihlen, wodurch im gemeinen Leben so vieles verrichtet wird; die grosse 
Bequemlichkeit jedoch, die allgemeine Fasslichkeit und Erreichbarkeit giebt 
dem Ordnen auch in den Wissenschaften Eingang und Beifall. Das Linnésche 
System erlangte eben durch diese Gemeinheit seine Allgemeinheit; doch wider- 
strebte es einer héheren Einsicht mehr, als dass es solche firderte. 


Yet if Linneus was not qualified to lead biology into the promised 
land of that “ higher insight ”—if he even somewhat delayed its prog- 
ress thither—it must still be said that he left all the sciences with 
which he dealt incomparably better provisioned for that progress than 
they would have been without his work. He left to them an intensified 
ardor for the scrutiny of all the phenomena of nature, a better com- 
mand of their own materials, and a greatly enriched and better ordered 
store of those concrete facts out of which, in time, scientific generaJiza- 
tions often almost spontaneously develop, and by which they must 
always eventually be tested. 

% “ Aphoristisches,” Weimar-Ausg., Teil II., Bd. 6, § 356 (1829); cited by 
Wasielewski in his “ Goethe und die Descendenzlehre.” 
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THE PROBLEM OF AGE, GROWTH AND DEATH 


By CHARLES SEDGWICK MINOT, LL.D., D.Sc. 


JAMES STILLMAN PROFESSOR OF COMPARATIVE ANATOMY, HARVARD MEDICAL SCHOOL 


VI. Tue Four Laws or AGE 


Ladies and Gentlemen: I have referred in these lectures repeatedly 
to the cell and its two component parts, the nucleus and the proto- 
plasm. ‘To-night I shall have only a few references to make directly 
to these, and shall pass on for the latter part of the hour to another 
class of considerations bearing upon the problem of age. Before we 
turn to these new considerations, however, I wish to say a few words 
by way of recapitulation concerning the changes in the cells as corre- 
sponding to age. Cells, as you know from what I have told you, 
undergo in the body for the greater part a progressive change which 
we call their differentiation. We may say that there are four kinds 
of cells for purposes of an elementary classification to be used in a 
simple exposition like the present. The first kind are those cells of 
the young type, in which the protoplasm is simple, and shows as yet 
no trace of differentiation. These cells are capable of rapid multipli- 
cation, and some of them are found still persisting in various parts 
of the adult body, and serve to maintain the growth of the body in its 
mature stage. Another class of cells presents to us the curious spectacle 
of a partial differentiation; such are the muscle fibers by which we 
accomplish our voluntary movements. These fibers consisted originally 
only of protoplasm with the appropriate nuclei, but, as they are differen- 
tiated, part of the protoplasm changes into contractile substance. 
Another part remains pure protoplasm unaltered. If now the mus- 
cular or contractile portion of the fiber be destroyed, the undifferen- 
tiated part of the protoplasm then shows that it has still the power of 
growth. It has only been held back by the condition of organization, 
and we see in the regeneration of these fibers evidence of the fact that 
so long as the protoplasm is undifferentiated it has the power of 
growth, which, however, does not reveal itself unless an opportunity is 
afforded. Third, we come to the cells which are moderately differen- 
tiated; such, for instance, are the cells of the liver, and, if for any 
reason a portion of the liver be injured by accident or disease, we find 
that these partially differentiated cells reveal at once that they have a 
limited power of growth still left. If we pass on to the fourth class, 
that in which differentiation is carried to the highest extreme, we find 
that the cells do not have the power of multiplication. Such are the 
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nerve cells by which the higher functions of the body are carried on. 
They represent the extreme of cellular differentiation, and almost never 
do we see these cells multiplying after the differentiation is accom- 
plished. Presented in this form, we then recognize, it seems to me 
clearly, the effect of differentiation upon the growth of cells. The facts 
are clear as to their meaning. 

We can, however, proceed a little farther than this, because we can 
actually determine, approximately at least, the rate at which cells mul- 
tiply, and that we can do by means of determining the mitotic index. 
The mitotic index is the number of cells to be found at any given 
moment in the active process of division out of a total of one thousand 
cells. 

May I pause a moment to recall this picture to you and ask you to 
notice at this point the curious darker spot which represents a nucleus 
in process of division? You will see it would 
be easy in such a preparation as this to count 
the nuclei one by one until one had got up toa 
thousand, and to record, as one went along, 
how many of the nuclei are in process of divi- 
sion, for the nucleus in division is easily recog- 
nized. This process of division is named 
mitosis: the figure which the nucleus presents 
while it is undergoing division we call a mi- 
totic figure. Counting the dividing nuclei, we 
may determine that in a thousand cells there 
are a given number which have nuclei in proc- 
ess of division, and such a number I propose to 
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call to you attention this picture because it 
enables me to illustrate before you the method 
of measuring the mitotic index. 

In the rabbit embryo at seven and one half 
days, I have found by actual count that there 
are in the outer layer of cells, known techni- 
cally as the ectoderm, 18 of these divisions per 
thousand. In the middle layer, technically the 
mesoderm, 17, and in the inner layer, the ento- 
derm, 18. At ten days we find the number al- 
ready reduced, and the figures are, respectively, 
14, 13 and 15, and for the cells of the blood 





only 10. There has already been a great reduction. In the next phase 
of development (rabbit embryo of thirteen days), we find, however, 
that the parts are growing irregularly, some faster, some slower. We 
note that wherever a trace of differentiation has occurred, the rate of 
growth is diminished : where that differentiation does not show itself, the 
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rate of growth may even increase in order to acquire a certain special de- 
velopment of a particular part. So tHat instead of uniformity of values 
for the mitotic index, we get a great variety. But, nevertheless, the 
general decline can be demonstrated by the figures. In the spinal cord 
the index is 11, in the general connective tissue of the body 10; for the 
cells of the liver 11; in the outside layer of the skin 10; in the excretory 
organ 6; in the tissue which forms the center of the limb also 6. There 
has, then, been a rapid decline in the rate of cell multiplication just in 
this period when differentiation is going on. This is, so far as I know, 
an entirely new line of research. The counting of a thousand cells is 
not a thing to be done very rapidly ; it must be undertaken with patience, 
care, and requires time. It has not, I regret to say, been possible for 
me yet to extend the number of these counts beyond those I have given 
you, but it is easy to say that in the yet more differentiated state, the 
number of cells in division is constantly lessened, and it is only a ques- 
tion of counting to determine the mitotic index accurately. That there 
is a further diminution beyond that which the mitotic indices I have 
demonstrated to you represent is perfectly certain. I only regret that 
I am not able to give you exact numerical values. 

I wish very much that my time permitted me to branch off into 
certain topics intimately associated with the general theme we have been 
considering together on these successive evenings, but we can only 
allude to a few of these. The first collateral subject on which I wish 
to speak to you briefly is that which we call the law of genetic restric- 
tion, which means that after a cell has progressed and is differentiated 
a certain distance, its fate is by so much determined. It may from that 
pass on, turn in one direction or another, always progressing, going 
onward in its cytomorphosis; but the general direction has been pre- 
scribed, and the possibilities of that cell as it progresses in its develop- 
ment become more and more restricted. For instance, the cells which 
are set apart to form the central nervous system after they are so set 
apart can not form any other kind of tissue. After the nervous system 
is separated in the progress of development from the rest of the body, 
its cells may become either nerve cells proper or supporting cells 
(neuroglia), which latter never acquire the nervous character proper, 
but serve to uphold and keep in place the true nervous elements. They 
represent the skeleton of the central nervous system. After the cells 
of the nervous system are separated into these two fundamental classes 
they can not change. A cell forming a part of the supporting frame- 
work of the brain can not become a nerve cell; and a nerve cell can not 
become a supporting cell. The destiny of them becomes more and 
more fixed, their future possibilities more and more limited, as their 
cytomorphosis goes on. 

The law of genetic restriction has a very important bearing upon 
questions of disease. When disease occurs, the cells of the body offer 
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to us two kinds of spectacles. Sometimes we see that the cells causing 
the diseased condition are more or less of the sort which naturally be- 
long in the body; that they are present where they do not belong, or 
they are present where they ought to be, but in excessive quantity. 
There is a kind of tumor which we call a bony tumor. It consists of 
bone cells such as are naturally present in the body, but that which 
makes this growth of bone a tumor is its abnormal dimensions, or per- 
haps its being altogether in the wrong place. The second sort of 
pathological alteration, which I had in mind, is that in which the cells 
really change their character. Now, the young cells are those which 
can change most; in which the genetic restriction has least come into 
play ; and accordingly we find that a large number of dangerous, morbid 
growths, tumors, arise from cells of the young type, and these cells, 
having an extreme power of multiplication, grow rapidly, and they may 
assume a special character of their own; their genetic restriction has 
not gone so far that all their possibilities of change in the way of differ- 
entiation have been fixed; there is a certain range of possibilities still 
open to them, and they may turn in one direction or the other. Hence 
there may be pathological growths of a character not normally present 
in the body. It seems to me, so far as my knowledge of this subject 
enables me to judge, to be true that all such pathological growths de- 
pend upon the presence of comparatively young and undifferentiated 
cells being turned into a new direction. The problem of normal 
development and of abnormal structure is one and the same. Both the 
embryologist and the anatomist, on the one hand, and the pathologist 
and the clinician on the other, deal ever with these questions of differ- 
entiation, and practically with no others. All that occurs in the 
body is the result of various differentiations, and whether we call the 
state of that body normal or pathological matters little; still the cause 
of it is the differentiation of the parts. 

The second of the collateral topics which I should like briefly to 
allude to is another branch of the study of senescence. The fact was 
first emphasized by the late Professor Alpheus Hyatt that in many 
animals there exist parts formed in an early stage and thereafter never 
lost. The chambered nautilus is an animal of this kind. The inner- 
most chamber represents the youngest shell of the nautilus, and as its 
age increases, it forms a new chamber in its shell, and so yet more and 
more until the coil is complete. When we examine a shell of that kind 
we see permanently before us the various stages, both young and old, as 
recorded in shell formation. And so too in the sea-urchin, and in 
many of the common shell-fish, we find the double record, of youth and 
old age, preserved permanently. This has made it possible for Pro- 
fessor Hyatt and for Professor Robert T. Jackson, who has adopted a 
similar guiding principle, to bring a great deal of new light into the 
study of animal changes, and to attack the solution of problems which 
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without the aid of this senescent interpretation, if I may so term it, 
would be utterly impossible. This is an enticing subject, and I wish 
I had both time and competency to dwell upon it. But it is aside, as 
you see, from the main inquiries with which we have been occupied, 
for our inquiries concern chiefly the effect of cell-change upon the 
properties of the body, and the correlation of cell-change with age. 

A natural branch of our topic is, however, that of longevity, the 
duration of life. Concerning this, we have very little that is scien- 
tifically satisfactory that we can present. We know, of course, as a 
fundamental principle, that every animal must live long enough to 
reproduce its kind. Did that not occur, the species would of course 
become extinct, and the mere fact that the species is existing proves, 
of course, this simple fact—that life has lasted long enough for the 
parents to produce offspring. The consideration of this fact has led 
certain naturalists to the supposition that reproduction is the cause of 
their termination of life; but it is not, it seems to me, at all to be so 
interpreted. We know, in a general way, that large animals live longer 
than small ones. The elephant is longer lived than the horse, the horse 
than the mouse, the whale than the fish, the fish than the insect, and 
so on through innumerable other instances. At first this seems a 
promising clue, but if we think a moment longer we recognize quickly 
the fact that a parrot, which is much smaller than a dog, may live 
one hundred years, whereas a dog is very old at twenty. There are 
insects which live for many years, like the seventeen-year locusts, and 
others which live but a single year or a fraction even of one year, and 
yet the long-lived and the short-lived may be of the same size. It is 
evident, therefore, that size is not in itself properly a measure of the 
length of life. Another supposition, which at first sounds very attract- 
ive, is that which explains the duration of life by the rate of wear, of 
the using up, of the wearing out, of the body. This theory has been 
particularly put forward by Professor Weismann, who in his writings 
calls it the Abnutzwngstheorie—the theory of the wearing out of the 
body. But the body does not really wear out in that sense. It goes on 
performing the functions for a long time, and after each function is 
performed the body is restored, and we do not find at death that the 
parts have worn out. But, as we have seen, we do find at death that 
there has been an extensive cytomorphosis, cell-change, and that the 
living material, after having acquired its differentiation, passes now 
in one part, now in another, then in a third, to a yet further stage, that 
of degeneration, and the result of degeneration, or atrophy, as the case 
may be, is that the living protoplasm loses its living quality and be- 
comes dead material, and necessarily the functional activity ceases. We 
must, it seems to me, conclude that longevity, the duration of life, 
depends upon the rate of cytomorphosis. If that cytomorphosis is 
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rapid, the fatal condition is reached soon; if it is slow, the fatal condi- 
tion is postponed. And cytomorphosis in various species and kinds of 
animals must proceed at different rates and at different speeds at 
different ages. Birds grow up rapidly during their period of develop- 
ment; the cell change occurs at a high speed, far higher than that 
which occurs in man, probably, during his period of development. But 
after the bird has acquired its mature development, it goes on almost 
upon a level for a long time; the bird which becomes mature in a single 
year may live for a hundred or even more. There can be during these 
hundred years but a very slow rate of change. But in a mammal, a 
dog or a cat, creatures of about the same bulk as some large birds, 
we find that the early development is at a slower rate. The animals 
take a much longer period to pass through their infancy and reach 
their maturity, but after they have reached their maturity they do not 
sustain themselves so long. Their later cytomorphosis occurs at a 
higher speed than the bird’s. This is a field of study which we can 
only recognize the existence of at present, and which needs to be ex- 
plored before, to any general, or even to a special scientific, audience, 
any promising hypotheses can be presented. Definite conclusions are 
of course still more remote. 

Next as regards death. The body begins its development from a 
single cell, the number of cells rapidly increase, and they go on and 
on increasing through many years. Their whole succession we may 
appropriately call a cycle. Each of our bodies represents a cell cycle. 
When we die, the cycle of cells gives out, and, as I have explained to 
you in a previous lecture, the death which occurs at the end of the 
natural period of life is the death which comes from the breaking 
down of some essential thing—some essential group of members of 
this cell cycle; and then the cycle is broken up. But the death is the 
result of changes which have been going on through the successive 
generations of cells making up this cycle. There are unicellular organ- 
isms; these also die; many of them, so far as we can now determine, 
never have any natural death, but there are probably others in which 
natural death may occur. It is evident that the death of a unicel- 
lular organism is comparable to the death of one cell in our own bodies. 
It is not properly comparable to the death of the whole body, to the 
ending-up of the cell cycle. Is there anything like a cell cycle among 
the lower organisms? among the protozoa, as the lowest animals are 
called? It has been maintained by a French investigator, by the name 
of Maupas, that such a cycle does exist, that even in these low organisms 
there is a cell which begins the development, and that gradually the loss 
in the power of cell multiplication goes on until the cycle gives out 
and has to be renewed by a rejuvenescent process, and this rejuvenating 
process he thinks he has found in the so-called conjugating act of these 
animals, in which there occurs a curious migration of the nucleus of 
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one individual into the cell body of another. Whether he is right or 
not remains still to be determined. You will recognize, I hope, from 
what I have said, that we have now some kind of measure of what con- 
stitutes old and young. We can observe the difference in the propor- 
tion of protoplasm and nucleus, the increase or diminution, as the case 
may be, of one or the other. If it be true that there is among protozoa, 
among unicellular animals, anything comparable to the gradual decline 
in the growth power which occurs in us, we shall expect it to be 
revealed in the condition of the cells—to see in those cells which are 
old an increase in the proportion of protoplasm, and consequently a 
diminution in the relative amount of nucleus. That subject is now 
being investigated, and we shall probably know, within a few years at 
least, something positive in this direction. At present we are reduced 
to posing our question. We must wait patiently for the answer. 

The scientific man has many occasions for patience. He has to 
make his investigations rather where he can than where he would like 
to. Certain things are accessible to our instruments and methods of 
research at the present time, but other things are entirely hidden from 
us and inaccessible at the present. We are indeed, more perhaps than 
people in any other profession of life, the slaves of opportunity. We 
must do what we can in the way of research, not always that which we 
should like most to do. Perhaps a time will come when many of the 
questions connected with the problems of growing old, which we can 
now put, will be answered, because opportunities, which we have not 
now, will exist then. Scientific research offers to its devotees some 
of the purest delights which life can bring. The investigator is a 
creator. Where there was nothing he brings forth something. Out of 
the void and the dark, he creates knowledge, and the knowledge which 
he gathers is not a precious thing for himself alone, but rather a 
treasure which by being shared grows; if it is given away it loses noth- 
ing of its value to the first discoverer, but acquires a different value 
and a greater usefulness that it adds to the total resources of the world. 
The time will come, I hope, when it will be generally understood that 
the investigators and thinkers of the world are those upon whom the 
world chiefly depends. I should like, indeed, to live to a time when it 
will be universally recognized that the military man and the govern- 
ment-maker are types, which have survived from a previous condition 
of civilization, not ours; and when they will no longer be looked upon 
as the heroes of mankind. In that future time those persons who 
have really created our civilization will receive the recognition which is 
their due. Let these thoughts dwell long in your meditation, because 
it is a serious problem in all our civilization to-day how to secure due 
recognition of the value of thought and how to encourage it. I believe 
every word spoken in support of that great recognition which is due 
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to the power of thought is a good word and will help forward toward 
good results. 

In all that I have said, you will recognize that I have spo. en con- 
stantly of the condition of the living material. If it is in the young 
state it has one set of capacities. If it is differentiated, it has, accord- 
ing to the nature of its differentiation, other kinds of capacities. We 
can follow the changing structure with the microscope. We can gain 
some knowledge of it by our present chemical methods. Fragmentary 
as that knowledge is, nevertheless, it suffices to show to us that the con- 
dition of the living material is essential and determines what the 
living material can do. I should like to insist for a moment upon this 
conception, because it is directly contrary to a conception of living 
material which has been widely prevalent in recent years, much de- 
fended and popularly presented on many different occasions. The other 
theory, the one to which I can not subscribe, may perhaps be most 
conveniently designated by the term—the theory of life units. It is 
held by the defenders of this faith that the living substance contains 
particles, very small in size, to which the vital properties are especially 
attached. They look at a cell and find that it has water, or water con- 
taining a small amount of salts in solution, fillmg up spaces between 
the threads of protoplasm. Water is not alive. They see in the 
protoplasm granules of one sort and another, in plants chlorophyll, in 
animals perhaps fat or some other material. That is not living sub- 
stance, and so they go striking out from their conception of the living 
material in the cell one after another of these component parts until 
they get down to something very small, which they regard as the life 
unit. I do not believe these life units exist. It seems to me that 
all these dead parts, as this theory terms them, are parts of the living 
cell. They are factors which enable the functions of life to go on. 
Other conditions are also there, and to no one of them does the quality 
of life properly attach itself. Of life units there is an appalling array. 
The most respectable of them, in my opinion, are the life units which 
were hypothetically created by Charles Darwin in his theory of pan- 
genesis. He assumed that there were small particles thrown off from 
different portions of the body circulating throughout the body, gather- 
ing sometimes in the germ cells. These particles he assumed to take 
up the qualities of the different parts of the body from which they 
emanated, and by gathering together in immense numbers in the 
germ cells they accomplished the hereditary transmission. We know 
now that this theory is not necessary, that it is not the correct theory. 
But at the time that Darwin promulgated it, it was a perfectly sound 
defensible theory, a theory which no one considering fairly the history 
of biological knowledge ought to criticize unfavorably. It was a fine 
mental achievement, but I should like also to add that of all the many 
theories of life units, this of Darwin’s is the only one which seems to 
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me intellectually entirely respectable. Of supposed structural life units 
there is a great variety. Besides the gemmules of Darwin, there were 
the physiological units of Herbert Spencer. Professor Haeckel, the 
famous German writer, has special structural life units of his own 
which he terms plastidules; he gave them the charming alliterative title 
of perigenesis of the plastidules; the rhythm of it must appeal to you 
all, though the hypothesis had better be forgotten. Then came Nigeli, 
the great botanist, who spoke of the Idioplasma-Theilchen. Then 
Weisner, also a botanist, who spoke of the Plassomes. Our own Pro- 
fessor Whitman attributed to his life units certain other essential quali- 
ties and called them idiosomes. A German zoologist, Haacke, has 
called them gemmules. Another German writer, a Leipzig anatomist, 
Altmann, calls them granuli. Now these different life units, of which 
I have read you briefly the names, are not identical according to these 
authors. Everybody else’s life units are wrong, falsely conceived, and 
endued with qualities which they do not combine. There is a curious 
assemblage here of doxies, and each writer is orthodox and all the 
others are heterodox; and I find myself viewing them all from the 
standpoint of my doxy, that of the structural quality of the living 
matter, and, therefore, interpreting every one of these conceptions as 
heterodox, not sound doctrine, but something to be rejected, condemned 
and fought against. These theories of life units have filled up many 
books. Among the most ardent defenders of the theory of life units 
is Professor Weismann, whose theories of heredity many of you have 
heard discussed ; though I doubt if many of you, unless you recall what 
I said previously, are aware of the fact that the essential part of 
Weismann’s doctrine was the discovery of the theory of germinal con- 
tinuity by Professor Nussbaum, whose name is seldom heard in these 
discussions. Weismann has gone much farther in the elaboration of 
the conception of life units than any of the other writers. He thinks 
the smallest of the life units are biophores. A group of biophores 
brought together constitutes another order of life units which he calls 
determinants; the determinants are again grouped and form ids; and 
the ids are again grouped and form idants. If you want to accept 
any theory of life units, I advise you to accept that of Weismann, for 
it offers a large range for the imagination, and has a much more 
formidable number of terms than any other. 

I want to pass now to an utterly different line of study, the question 
of psychological development. If it be true that the development is 
most rapid at first, slower later, we should expect to find proof of 
that rate in the progress of mental development. In other words, we 
should expect to find that the baby developed faster than the child 
mentally, that the child developed faster than the young man, and the 
young man faster than the old. And do you not all instinctively feel 
immediately that the general assertion is true? In order, however, that 
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you may more fully appreciate what I believe to be the fact of mental 
development going on with diminishing rapidity, I should like to pic- 
ture to you briefly some of the things which the child achieves during 
the first year of its life. When the child is born, it is undoubtedly sup- 
plied with a series of the indispensable physiological functions, all those 
which are concerned with the taking in and utilizing of food. The 
organs of digestion, assimilation, circulation and excretion are all 
functionally active at birth. The sense organs are also able to work. 
Sense of taste and of smell are doubtfully present. It is mairtained 
that they are already active, but they do not show themselves except in 
response to very strong stimulation. Almost the only additional faculty 
which the child has is that of motion, but the motions of the new-born 
baby are perfectly irregular, accidental, purposeless, except the motions 
which are connected with the function of sucking, upon which the 
child depends for its nourishment. The instinct of sucking, the baby 
does have at birth. It might be described as almost the only equip- 
ment beyond the mere physiological working of its various organs. But 
at one month we find that this uninformed baby has made a series of 
important discoveries. It has learned that there are sensations, that 
they are interesting; it will attend to them. You all know how a 
baby of one month will stare; the eyes will be fastened upon some 
bright and interesting object. At the end of a month the baby shows 
evidences of having ideas and bringing them into correlation, associa- 
tion, as one more correctly expresses it, because already after one month, 
when held in the proper position in the arms, it shows that it expects te 
be fed. There is, then, already evidence and trace of memory. At two 
months much more has been achieved. The baby evidently learns to 
expect things. It expects to be fed at certain times; it has made the 
great discovery of the existence of time. And it has made the discovery 
of the existence of space, for it will follow, to some extent, the bright 
light ; it will hold its head in a certain position to catch a sound appar- 
ently from one side; or to see in a certain direction. The sense of 
space and time in the baby’s mind is, of course, very imperfect, doubt- 
less, at this time, but those two non-stuff realities about which the 
metaphysicians discuss so much, the two realities of existence which 
are not material, the baby at this time has discovered. Perhaps, had 
some great and wonderfully endowed person existed who preserved the 
memory of his own psychological history, of his development during 
babyhood, we should have been spared the gigantic efforts of the meta- 
physicians to explain how the notions of space and time arose. With- 
out knowing how, the baby has acquired them, and has already become a 
rudimentary metaphysician. We see, also, at the end of the third 
month, that the baby has made another remarkable discovery. It has 
found not merely that its muscles will contract and jerk and throw its 
parts about, which is doubtless earlier a great delight to it; but that 
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the muscles can contract in such a way that the movement will be 
directed ; there is a coordination of the muscular movements. I should 
like to read to you just these three or four lines from Miss Shinn, who 
has given perhaps the best story of the development of a baby which 
has yet been written. This is not merely my opinion, but also the 
opinion of my psychological colleagues at Cambridge whom I consulted 
before venturing to express the idea before you, and I find that they 
take the view that Miss Shinn’s book, which is charmingly written, is 
really done with such precision and understanding of the psychological 
problems involved that it may fairly be called the best of the books 
treating of the mental development of a baby. Miss Shinn says, re- 
ferring to the condition of the child at the end of two months—* Such 
is the mere life of vegetation the baby lived during the first two months; 
no grown person ever experienced such an expansion of life—such a 
progress from power to power in that length of time.” She is not 
thinking of senescence, as we have been thinking of it, but she makes 
precisely the assertion, which seems to me to be true, that the baby in 
two months has accomplished an amount of development which no 
adult is capable of. And now at three months we find another great 
discovery is made by the baby, that it is possible to bring the sensations 
which it receives into combination with the movements which it makes. 
It learns to coordinate its sensory impressions and its motor responses. 
We hardly realize what a great rdle this adjustment, between what our 
muscles can do and what our senses tell us, plays in our daily life. It 
is the fundamental thing in all our daily actions, and though by 
habit we perform it almost unconsciously, it is a thing most difficult to 
learn. Yet the baby has acquired the art, though he only gradually gets 
to be perfect in it. Again we see, at the end of the fourth month, 
that the baby begins to show some idea of another great principle— 
the idea that it can do something. It shows evidence of having purpose 
in what it does. Its movements are no longer purely accidental. At 
four months we find yet another equally astonishing addition to the 
achievements of this marvelous baby. He makes the amazing discovery 
that the two sides of an object are not separate things, but are parts of 
the same. When a face, for instance, disappears by a person’s turning 
around, that face, to a baby of one month, probably simply vanishes, 
ceases to exist: but the baby at four months realizes that the face and 
the back of the head belong to the same object. He has acquired the 
idea of objects existing in the world around him. That is an enormous 
achievement, for this little baby has no instructor; he is finding out 
these things by his own unaided efforts. Then at five months begins 
the age of handling, when the baby feels of everything. It feels urgently 
of all the objects which it can get hold of and perhaps most of all of its 
own body. It is finding that it can touch its various parts and that when 
its hands and parts of its own body come in contact it has the double 
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sensation, and learns to bring those together and thereby is manufactur- 
ing in its consciousness the conception of the ego, personal, individual 
existence, another great metaphysical notion. Descartes has said— 
Cogito, ergo sum—lI think, therefore am. The baby, if he had written 
in Descartes’s place, would have said—“ I feel, therefore I am.” The 
first five months constitute the first period of the baby’s development. 
Its powers are formed, and the foundations of knowledge have been laid. 
The second period is a period of amazing research, constant, uninter- 
rupted, untiring; renewed the instant the baby wakes up, and kept up 
until sleep again overtakes it. In the six months’ baby we find already 
the notion of cause and effect. You see he is dealing mostly in meta- 
physical things, getting the fundamental concepts. That there is such 
an idea as cause and effect in the baby’s mind is clearly shown by the 
progress of its adaptive intelligence. It evidently has now distinct 
purposes of its own. It shows clearly at this age also another thing 
which plays a constant and important réle in our daily life. It has the 
consciousness of the possibilities of human intercourse; it wants human 
companionship. And with that the baby’s equipment to start upon life 
is pretty well established. It has discovered the material universe in 
which it lives, the succession of time, the nature of space, cause and 
effect, its own existence, its ego and its relationship with other in- 
dividuals of its own species. Do we get at any time in our life much 
beyond this? Not very much; we always use these things, which we 
learn in the first six months, as the foundation of all our thought. 
By eight months baby is upon the full career of experiment and ob- 
servation. Everything with which the baby comes in contact interests 
him. He looks at it, he seizes hold of it, tries to pull it to pieces, 
studies its texture, its tensile strength, and every other quality it pos- 
sesses. Not satisfied with that, he will turn and apply his tongue to it, 
putting it in his mouth for the purpose of finding out if it has any 
taste. In doing this, hour after hour, with unceasing zeal, never inter- 
rupted diligence, he rapidly gets acquainted with the world in which 
he is placed. At the same time he is making further experiments with 
his own body. He begins to tumble about; perhaps learns that it is 
possible to get from one place to another by rolling or creeping, and 
slowly he discovers the possibility of locomotion, which you know by 
the end of the year will have so far perfected itself that usually at 
twelve months the baby can walk. During this period of from five 
months to twelve the baby is engaged upon a career of original research, 
unaided much by anybody else, getting doubtless a little help and, of 
course, a great deal of protection, but really working chiefly by himself. 
How wonderful it all is! Is any one of us capable of beginning at the 
moment we wake to carry on a new line of thought, a new series of 
studies, and to keep it up full swing, with unabated pace, all day long 
till we drop asleep? Every baby does that every day. 
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When we turn to the child who goes to school, behold how much 
that child has lost. It has difficulties with learning the alphabet. It 
struggles slowly through the Latin grammar, painfully with the subject 
of geometry, and the older it gets, the more difficult becomes the 
achievement of its study. The power of rapid learning, which the 
baby has, is clearly already lessened. 

The introduction of athletics affords a striking illustration of the 
decline of the learning power with the progressing years. When golf 
first came in it was considered an excellent game for the middle-aged ; 
and you have all watched the middle-aged man play. He was so awk- 
ward, he could not do it. Day after day the man of forty, fifty, or 
even older, would go to the golf field, hoping each time to acquire a 
sure stroke, but never really acquiring it. The young man learned 
better, but the good golf players are those who begin as children, twelve 
and fourteen years of age, who in a few months become as expert and 
sure as their fathers wished to become, but could not. In bicycling it 
was the same. Eight lessons was considered the number necessary to 
teach the intelligent adult to ride a wheel. Three for a child of eight. 
And an indefinite number of lessons, ending in failure, for a person at 
seventy. It would have been scientifically interesting to have kept an 
exact record of the period of time which it took at each age to learn 
bicycling, but I think enough has been said to convince you that if we 
could acquire such a measure of psychological development as would 
enable us to express its rate in figures, we should be able to construct a 
curve like the curve which I showed you in the third lecture illustrating 
the decline in the rate of growth, and we should see that during the 
early years of life, the decline in the power of learning was extremely 
rapid, during childhood less rapid, during old age very slow. But the 
great part of the decline would occur during early years. 

Here we see the principle of stability, in maturity, which we see 
also illustrated in structure and growth. The mind acquires its devel- 
opment; it retains that development in the adult a long time. But 
surely there comes a period when the exercise of the mind is difficult. 
It requires a great effort to do something new and unaccustomed. A 
sense of fatigue overwhelms us. I believe that this principle of psy- 
chological development, paralleling the career of physical development, 
needs to be more considered in arranging our educational plans. For 
if it be true that the decline in the power of learning is most rapid at 
first, it is evident that we want to make as much use of the early years 
as possible—that the tendency, for instance, which has existed in many 
of our universities, to postpone the period of entrance into college, is 
biologically an erroneous tendency. It would be better to have the 
young man get to college earlier, graduate earlier, get into practical 
life or into the professional schools earlier, while the power of learning 
is greater. 
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Do we not see, in fact, that the new ideas are indeed for the most 
part the ideas of young people. As Dr. Osler, in that much-discussed 
remark of his, has said, the man of forty years is seldom the productive 
man. Dr. Osler also mentioned the amiable suggestion of Trollope in 
regard to men of sixty, which has been so extremely misrepresented in 
the newspaper discussions throughout the country, causing biologists 
much amusement. But I think that Dr. Osler probably took a far too 
amiable view of mankind, and that in reality the period when the learn- 
ing power is nearly obliterated is reached in most individuals very 
much earlier. As in every class of biological facts, there is here the 
principle of variation to be kept in mind. Men are not alike. The 
great majority of men lose the power of learning, doubtless some more 
and some less, we will say, at twenty-five years. Few men after twenty- 
five are able to learn much. They become day laborers, mechanics, 
clerks of a mechanical order. Others probably can go on somewhat 
longer, and obtain higher positions; and there are men who, with ex- 
treme variations in endowment, preserve the power of active and orig- 
inal thought far on into life. These of course are the exceptional 
men, the great men. 

We have lingered so long together studying phenomena of growth, 
that it is natural to allude to one more, which is as singular as it is 
interesting, namely, the increase in size of Americans. It was first 
demonstrated by Dr. Benjamin A. Gould in his volume of statistics 
derived from the records of the Sanitary Commission—a volume which 
still remains the classic and model of anthropometric research. Any 
one, however, can observe that the younger generation of to-day tends 
conspicuously to surpass its parents in stature and physical develop- 
ment. How to explain the remarkable improvement we do not know. 
Our discovery of the fact that the very earliest growth is so enormously 
rapid, makes that earliest period especially important. If the initial 
growth can be favored a better subsequent development presumably 
would result. In brief, I find myself led to the hypothesis that the 
better health of the mothers secures improved nourishment in the early 
stages of the offspring, and that the maternal vigor is at least one 
important immediate cause of the physical betterment of the children. 
Much is said about the degeneracy of the American race, but the con- 
trary is true—the American race surpasses its European congeners in 
physical development. 

You will naturally wish to ask, before I close the series of lectures, 
two questions. One, how can rejuvenation be improved ; the other, how 
can senescence be delayed. These questions will strike every one as 
very practical. But the first, I fear, is not an immediately practical 
question, but rather of scientific interest, for we must admit that the 
production of young individuals is, on the whole, very well accom- 
plished and much to our satisfaction. But in regard to growing old, 























AGE, GROWTH AND DEATH 523 


in regard to senescence, the matter is very different. There we should, 
indeed, like to have some principle given to us which would delay the 
rate of senescence and leave us for a longer period the enjoyment of 
our mature faculties. I can, as you have readily surmised by what I 
have said to you, present to you no new rule by which this can be ac- 
complished, but I can venture to suggest to you that in the future 
deeper insight into these mysteries probably awaits us, and that there 
may indeed come a time when we can somewhat regulate these matters. 
If it be true that the growing old depends upon the increase of the 
protoplasm, and the proportional diminution of the nucleus, we can 
perhaps in the future find some means by which the activity of the nuclei 
can be increased and the younger system of organization thereby pro- 
longed. That is only a dream of the possible future. It would not 
be safe even to call it a prophecy. But stranger things and more 
unexpected have happened, and perhaps this will also. 

I do not wish to close without one added word. The views which 
I have presented before you in this series of lectures I am personally 
chiefly responsible for. Science consists in the discovery made by indi- 
viduals, afterwards confirmed and correlated by others, so that they 
lose their personal character. The views which I have presented to 
you, you ought to know are still largely in the personal stage. Whether 
my colleagues will think that the body of conceptions which I have 
presented are fully justified or not, I can not venture to say. I have 
to thank you much, because between the lecturer and his audience there 
is established a personal relation, and I feel very much the compliment 
of your presence throughout this series of lectures, and of the very 
courteous attention which you have given me. 

To recapitulate—for we have now arrived at the end of our hour— 
we may say that we have established, if my arguments before you be 
correct, the following four laws of age. 

First, rejuvenation depends on the increase of the nuclei. 

Second, senescence depends on the increase of the protoplasm, and 
on the differentiation of the cells. 

Third, the rate of growth depends on the degree of senescence. 

Fourth, senescence is at its maximum in the very young stages, and 
the rate of senescence diminishes with age. 

As the corollary from these, we have this—natural death is the con- 
sequence of cellular differentiation. 











POPULAR SCIENCE MONTHLY 


RADIOACTIVITY OF ORDINARY SUBSTANCES 


By W. W. STRONG 


JOHNS HOPKINS UNIVERSITY 


‘y G the latter part of the nineteenth century a great deal of 
work was done upon electrical discharges in rarefied gases. In 
1895 Réntgen made the epoch-making discovery that such a discharge 
was the source of very penetrating radiations. These radiations he 
called X-rays on account of their unknown nature, and he found that 
they possessed the power of making a gas a conductor of electricity by 
producing in it a great number of positively and negatively charged car- 
riers or ions. Besides ionizing a gas, the X-rays were found to affect 
a photographic plate just as light rays do and to be able to penetrate 
thin sheets of the metals and many other bodies which are opaque to 
light. It was found in the course of experimentation that these X-rays 
were closely related to the stoppage of the cathode particles or cor- 
puscles, and the phosphorescence on the walls of the vacuum tube 
which these corpuscles excite. In 1897 J. J. Thomson found that 
these cathode particles or corpuscles were small negatively charged 
particles of an apparent mass only one seven-hundredth that of the 
hydrogen atom and that in a “ high vacuum ” tube in a strong electric 
field they acquired a velocity approximating that of light. All the 
properties of the corpuscles were found to be the same, no matter what 
kind of gas or electrodes were in the discharge tube. Their mass was 
found to vary with their velocity in such a way that the whole mass 
of the corpuscle could be ascribed to the electric charge which it car- 
ried. From this most important discovery it was concluded that all 
the common substances were partly made up of corpuscles, and this 
conclusion has been strengthened by all later discoveries. After 
Thomson’s discovery, Stokes showed that the sudden stoppage of the 
corpuscles by the walls of the discharge tube caused intense electro- 
magnetic disturbances to travel out from the point of impact. These 
disturbances are the X-rays and travel with the velocity of light. 


DISCOVERY OF RADIOACTIVITY 


When Réntgen announced his discovery, it created a great impetus 
in the study of everything related to electrical discharges. Now it 
had been known for a long time that some bodies like the uranium 
salts phosphoresce when exposed to sunlight, and it occurred to H. 
Becquerel that such a phosphorescing body might emit X-rays, this 
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emission being analogous to the origin of X-rays in the phosphorescing 
glass walls of a vacuum tube. In accordance with this view in 1896 
he exposed a photographic plate to uranium sulphate which was cov- 
ered with copper and aluminium foil and found that the plate was 
acted upon. Accidentally he found that this action took place, no 
matter whether the uranium nitrate was phosphorescing or not, and he 
found that uranium which had never been exposed to sunlight pos- 
sessed the same property. He found that these radiations from ura- 
nium were similar to the X-rays in their penetrating power. ‘This was 
the first discovery of the possession of radioactivity by a body, ¢. e., the 
power of a body to ionize a gas, to affect a photographic plate or to 
produce phosphorescence. 

Madame Curie then took up the problem of finding whether other 
substances possessed the properties of uranium and found that tho- 
rium did. She made a detailed investigation then of all the elements 
and found that none, with the exception of uranium and thorium, 
possessed these properties even to the order of the hundredth part of 
that of uranium. She, however, found that some minerals possessed 
a greater radioactivity than uranium or thorium, and concluded that 
these must contain elements more highly radioactive than either of 
these. After much tedious, but brilliant, work she was able to sepa- 
rate out the very radioactive element radium. As a result of the work 
of the Curies, and many others, it was found that thorium, uranium, 
radium and actinium were radioactive, the latter two being intensely 
so. None of the other elements were found to possess any radioac- 
tivity to within the limits of the experimental errors of the method of 
observation. 

The study of these radioactive elements has been the source of very 
important discoveries in physics. These elements are found to emit 
spontaneously a continuous flight of material particles, projected with 
great velocity, and also to be the source of radiations similar to X-rays 
and called y rays. We will now describe the material particles, which 
are of two kinds, the a and B rays. 

The a rays consist of positively charged particles shot out by the 
radioactive body with a velocity approaching that of light. They are 
readily absorbed by thin sheets of metal foil or by a few centimeters of 
air. The @ rays are far more penetrating in character than the a 
rays and consist of negatively charged bodies projected with velocities 
of the same order of magnitude as that of light. As far as known, 
they are identical with the corpuscles. Of the three kinds of rays, the 
a rays produce the greatest amount of ionization and the y rays the 
least. With a thin layer of unscreened radioactive matter spread on 
the lower of two plates, say 5 cm. apart, it will be found that the rela- 
tive order of ionization due to the a, 8 and y rays is as 10,000 to 100 
to 1, whereas the average penetrating power is inversely proportional 
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to the relative ionization. The photographic action is due almost 
entirely to 8 rays. 


THE DISINTEGRATION THEORY 

The radioactivity of the radio-elements is not a molecular, but an 
atomic, property, and the rate of emission of the radiations depends 
on the amount of the element present and is unaffected by the applica- 
tion of any known physical or chemical forces. In order to explain 
the emission of positively and negatively charged particles, Rutherford 
and others consider the radio-elements as undergoing spontancous 
changes and that the energy of projection of the a and £ rays had pre- 
viously been stored up in the atom as rapid oscillatory or orbital motion. 
This breaking up of the atoms is considered to be accompanied by the 
production of a series of new substances which have distinct physical 
and chemical properties. For instance, thorium produces an intensely 
radioactive substance, thorium X, which is soluble in ammonia. Tho- 
rium gives rise also to a gaseous product, the thorium emanation, and 
this is the source of another substance, which is deposited on the sur- 
face of bodies in the neighborhood of the thorium, and which is known 
as the “excited activity” or the “active deposit.” If a negatively 
charged wire is brought into close proximity with thorium salts, the 
“active deposit” will form upon it. The “active deposit” itself 
decays into a succession of products. 

Following will be given some of the products of the various radio- 
active elements and some of their properties. 





























TaBLeE I. 
TRANSFORMATION Propucts. THE THORIUM GROUP 
Product T* - Radiations neo “es ae | at Se 
Transformed 7 pe 

Thorium 2(10)° yrs.| Rayless (?) Insoluble in ammonia 

Radiothorium | ? a rays 3.9 cm. 

Thorium X 3.6 days - 5.7 cm. Soluble in ammonia 

Emanation 54 secs. ” 5.5 cm. Inert gas condensing 

at —120° C. 
3 (Thorium A 
o cna 11 brs. Rayless The meee om 
i trat the 
= Thorium B 1 hr. a rays 5.0 cm. on a ae 
& tric field. 
= | Thorium C Very short} a,8,y rays | 8.6 cm. 
THE URANIUM GROUP 
Uranium (10)* yrs. | @ rays 3.5 cm. Soluble in an ex- 
cess of ammonium 
carbonate 
Uranium X 22 days 8B &y rays Insoluble in ammo- 


nium carbonate. 
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Tue ACTINIUM GROUP 





Actinium ? Rayless Insoluble in am- 
monia 
Radioactinium! 19.5 days | a rays 4.8 cm. Carried down in an 
actinium solution by 
adding BaCi 
Actinium X 10.2 days a 6.55 cm. Soluble in am- 
monia 
Emanation 3.9 secs. “ 5.8 cm. Behaves like a gas 
2 (Actinium A 36 min. Rayless 
S The active” deposit 
& is concentrated on 
~ the cathode in an 
- electric field 
< Actinium B 2 min. a, 8, y rays 

















Tue Raprum Group 














Radium 1,300 yrs. | @ rays 3.50 cm. Allied chemically 
to barium 
Emanation 3.8 days = 4.33 cm. Inert gas of heavy 
molecular weight, 
condensing at 
e —150° C. 
2% Radium A 3 min. “ 4.83 cm. The active deposit 
5 | Radium B 26 min. Braysof low is concentrated on the 
AS4 penetra- cathode in the elec- 
e ting power tric field 
<§ \ Radium C 19 min. a, 8, y rays | 7.06 cm. 
.| Radium Dor); 40 years Rayless Volatile below 
=&| Radiolead 1,000° C. 
25 | Radium E 6 days B rays Non-volatile at 
a6 1,000° C. 
e5| Radium F or 140days | a rays 3.86 cm. Deposited in bis- 
25 | polonium or muth in solution. 
<s radiotel lu- 
. rium | 











In connection with these tables it may be well to consider the a 
particles a little more. It has been found that the a particles of any 
one product are emitted with the same velocity. It is found that after 
passing through a definite distance of gas, they then cease to ionize it. 
If the gas is air under normal conditions of pressure and temperature, 
this distance will be the range of the a particle. All experiments up to 
the present indicate that the a particles of the different products differ 
only in the speed of projection, this speed determining the range of 
ionization. Rutherford has found an empirical relation between the 
range of the a particle and its velocity at any point in its path. If 
r is the remaining range after passing through a screen, its velocity 
is V=.348 V, Vr-+ 1.25, where V, is the initial velocity of the a 
particles emitted from radium C, and is 2.06 (10)*® cm. per sec. The 
initial velocity of expulsion of an a particle from a certain product 
will then be a constant. The value of e/m for all a rays measured 
has been found to be the same and to be about 5.07 (10)* electro-mag- 
netic units. It thus follows that all the radio-elements possess the 
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common constituents, the a and B particles. It has been found that 
after a certain critical velocity has been reached, the a particles all at 
once cease to produce any ionization, phosphorescence or photographic 
action. If a substance emits particles with a velocity less than this 
critical velocity, we should have no method at present available for 
detecting them. As to the enormous amount of ionization produced 
by radium, one can partly grasp it when one considers that an a par- 
ticle produces about 80,000 ions and one grm. of radium emits about 
6 (10)*° a particles per second. The y rays also differ in penetrating 
power. The y rays from radium and thorium are very much stronger 
than those from uranium and actinium. 


THE RELATIONSHIP BETWEEN VARIOUS ELEMENTS 

By actual experiment in the laboratory it is possible to watch the 
gradual formation of helium and actinium. The rate of formation 
of helium from radium is known roughly, so that if in any rock the 
helium formed from radium has not been allowed to escape, a quite 
accurate estimation of the age of the rock can be made. Radium has 
also been found by Boltwood and Rutherford to grow in actinium 
solutions. But by investigating elements which appear together in 
the rocks it is possible to learn much more. In fact it was from the 
occurrence of helium in radioactive minerals that the brilliant predic- 
tion of the production of helium was made. Boltwood, Strutt and 
McCoy have shown that the amount of radium present in radioactive 
minerals always bears a constant ratio to the amount of uranium 
present. For every gram of uranium there is present 3.8 (10)-* grms. 
of radium. From this coexistence in a constant ratio, one is justified 
in assuming that radium is a product of uranium. If this is true it 
is easy to explain the existence of radium in rocks that contain 
uranium. Otherwise, on account of the short period of disintegra- 
tion of radium, it would be difficult to account for its distribution 
through the rocks. It has also been found that minerals of the same 
age contain uranium and lead in the same ratio, so that it seems quite 
certain that lead is a disintegrated product resulting from radium. 
Recent experiments by Rutherford seem to indicate, however, that 
actinium is not a direct product of uranium, as radium is considered 
to be. The existence together of various other elements has been used 
as an argument for their relationship. At present, however, the evi- 
dences are very meager and often conflicting. This field of experi- 
ment is one that promises very important results, however. 


THE DIsTRIBUTION OF RADIUM 


Considerable work has recently been done by the Hon. R. J. Strutt 
upon the amount of radium contained in various kinds of rocks widely 
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distributed over the earth. As this kind of work will probably have 
considerable geological importance, a few of Strutt’s results will be 
given. A solution of a definite amount of the rock was stored until 
the equilibrium amount of radium emanation had accumulated. Now, 
as we have seen that uranium and radium occur in a constant pro- 
portion, it is possible to use a mineral of known uranium content and 
to compare the amount of radium emanation emitted by this and that 
emitted by the given rock. Following are some of Strutt’s results, 
using 3.8 (10)-* grms. of radium as accompanying 1 gram of uranium 
in uranium minerals. 
TaBieE II. 
RADIUM CONTENT OF IGNEOUS RocKs 





Name of Rock | Locality | Density | © Radium per | Radium per 
| } | Gram in Grams c. c. in Grams 
Granite | Rhodesia | 2.63 | 4.91 (10)? | 12.9 (10)-# 
“ | Cornwall 2.62 4.80 (10)- | 12.6 (10)-" 
Blue grouud | Kimberly 3.06 1.73 (10)-? | 5.29 (10)-" 
Leucite basanite | Vesuvius 2.72 1.71 (10)-” 4.66 (10)- 
Hornblende granite | Assouun, Egypt 2.64 1.26 (10)-" | 3.32 (10)-¥ 
Hornblende diorite | Heidelberg 2.89 1.02 (10)-% | 2.94(10)-" 
Augite syenite Norway 273 95 (10)-% | 2.60 (10)-¥ 
Granite [sle of Rum 2.61 87 (10)-" | = .97(10)-" 
Basalt Greenland 3.01 .31 (10)-” -94(10)-" 
Native iron - -218 (10) -” | 
Meteoric iron | Thunda Undetectable | 
6 és | Virginia ” 
“ 66 | Santa Catarina as | 











RapIuM CONTENT OF SoME SEDIMENTARY RocKs 
Radium Content per 


Name of Rock Locality Gram in Grams 
Oolite Bath 3.00 (10)-" 
Marble East Lothian 1.99 (10)- 
Roofing slate Wales 1.32 (10)-* 
Gault clay Cambridge ; 1.09 (10)-* 
Clay Essex 89 (10)- 
Red chalk Hunstanton 55 (10)-" 
White marble India .28 (10)-% 
Chalk Cambridgeshire 40 (10) 
Deposit from Bath hot springs 425 (10) 
Cambridge tap water 400 (10)-" 
Sea salt 077 (10)-" 
Boiler crust, Cambridge .040 (10)-" 
Sea salt Omaha .0204 (10)-" 
Sea water Atlantic .003 (10)-" 


These two tables give but a few of the analyses of Strutt. They 
show the very wide distribution of radium both in the igneous and in 
the sedimentary rocks. The average radium content of the rocks exam- 
ined by Strutt is high, whereas that of sea salt is quite small. Strutt 
finds that the radium content necessary to maintain the earth at a 
constant temperature is about 1.75 (10)-** grms. of radium per cubic 
centimeter of the earth. This is very much less than the lowest 
radium content of any of the rocks. For this reason he believes that 
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radium is to be found only in an outer crust of the earth, at least if 
the earth is becoming cooler. In making these calculations, the effect 
of thorium and uranium and the possible radioactivity of ordinary 
materials is not taken into account. If the heating effect of ordinary 
materials is of the same order of magnitude as is to be expected from 
the ionization they produce, the earth’s temperature gradient would 
be many times larger than that observed. Strutt believes this to be 
an argument that ordinary matter possesses no genuine radioactivity 
of its own. OC. B. Thwing claims, however, that he has been able to 
find a temperature gradient in small cylinders of the various metals 
and rocks. At present nothing very definite can be said as to the 
heating effect of the radioactivity of substances upon the temperature 
of the earth. Having considered the radioactivity of the various 
rocks, we will now take up the atmosphere. 


RADIOACTIVITY OF THE ATMOSPHERE 

It was found after considerable work had been done on ionization 
that the free air is very considerably ionized. Now in the table of 
the transformation products of the radio-elements, it will be noticed 
that several products have the property of condensing on a highly 
negatively-charged wire. Elster and Geitel and others tried exposing 
such a wire in the open air and found that there was an active deposit 
vf radium and thorium formed on the wire. The amount of active 
deposit was found to depend upon the locality and the weather condi- 
tions. If the air had been undisturbed for some time as the air in 
caves and cellars, it was found that the active deposit formed was 
much greater. Air sucked through the pores of the ground was found 
to be very active. From these results, Elster and Geitel concluded 
that the radium and thorium emanations (which behave like gases) 
ooze up through the ground and percolating waters and have their 
origin in the radium and thorium in the soil. The emanation then 
breaks up into the various products as given in Table I. The emana- 
tion in this course gives rise to positively charged carriers, which are 
driven to a negatively charged wire by the electric field. It is to the 
emanation and its products that the ionization of the air is attributed. 
Thorium C and radium C give off y rays, and, as these are very pene- 
trating, they would be the source of a very penetrating radiation, and 
this latter has been discovered several years ago. The ionization in 
a closed electroscope is measured, and thick lead screens are then 
placed around the electroscope, and the ionization is again measured. 
The ionization in the latter case is found to be very considerably de- 
creased, the penetrating radiation having been largely cut off. Whether 
all the penetrating radiation can be explained as due to radium C and 
thorium C will be taken up later. 
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As the potential of the earth is negative compared with that of the 
air, the active deposit is dragged down to the surface of the ground 
and upon the leaves and branches of plants and trees. A hill or 
mountain top concentrates the earth’s field and so receives a greater 
amount of the active deposit. In this way Elster and Geitel explain 
the greater ionization on hills and mountains. Experiments show 
that the active deposit tends to collect on dust particles. These dust 
particles serve as nuclei for the condensation of raindrops and snow- 
flakes. The deposit resulting from evaporating rain and snow should 
be very radioactive. This was found to be true by Wilson and Allen. 
Again, a big rain or snow should carry down most of the active deposit, 
and as the emanation does not emit y rays, the amount of y radiation 
from the radioactive matter in the air should be very much decreased. 
The penetrating radiation, if it consists mainly of y rays, should then 
become very small. This has been found to be borne out by experi- 
ments made by the writer. It must be remembered that the emana- 
tion is insoluble in water and as this does not seem to be carried down 
by water or snow, the products radium C and thorium C would soon 
be in equilibrium again after the rain or snow. 

The effect of the presence of radioactive matter in the atmosphere 
upon ordinary phenomena is perhaps very great, though at present little 
is known. It has been found that deep wells and hot springs contain 
considerable radium. From this Elster and Geitel suggest that the 
curative effect of thermal springs and the physiological action of the 
air at high levels may be related to the large amount of radioactive 
matter present. The presence of, radioactive matter, and therefore of 
ionization, in the air probably plays a very important réle in the 
growth of plants. It has been found that vegetables grown in an 
atmosphere electrified positively are much above those grown in normal 
fields both in quantity and in quality. The ionization and nucleation 
produced by radioactive matter in the air are very essential for the 
condensation of rain and hail, and serve to explain the enormous ac- 
cumulation of static electricity during thunderstorms. Simpson and 
others have measured the activity of the air which has blown over the 
sea and have found it small. Now if most of the radium and thorium 
emanations come from the pores of the soil and underground cavities, 
the results obtained by the above investigators would be expected, for, as 
will be seen from Table II., the radium content of ocean water is very 
small. Eve has recently measured the ionization over the ocean and 
has found it to be the same as the ionization over the land, a rather 
unexpected result. In this state the matter rests at present. A 
crucial test would be to expose negatively charged wires far out in the 
ocean and find whether there was any active deposit and to test for the 
presence of a penetrating radiation. According to J. Joly, the distin- 
guished geologist, Eve’s results can easily be explained. Geologists have 
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for some time made an approximate estimate of the age of the oceans 
by making determinations of the amount of salt which they contain. 
By analyzing the waters of rivers flowing into the ocean for the salt 
which they contain and determining the total annual outflow of all the 
rivers into the ocean, and supposing these constants to have been prac- 
tically constant during the past, it is easy to make an estimate of the 
approximate age of the oceans. Now if radium and uranium always 
exist in a constant proportion, the present radium content of the ocean 
would have been supplied by the rivers in a comparatively short length 
of time. For this and other reasons Joly believes that uranium and 
radium are not always to be found associated together. Now we know 
that radium has a short period of decay, so that it must constantly be 
supplied from somewhere. Joly believes that the source is at least 
partly outside of the earth. This radium is gradually being brought 
down to the surface. This would account for the ionization over the 
ocean and the wide distribution of radium over the earth. Elster and 
Geitel’s theory of the escape of the emanation from the upper layers of 
the soil would still hold true. If radium exists outside the earth, it 
would be expected that the upper layers of the earth’s atmosphere would 
be highly ionized by the y rays. This highly ionizing radiation would 
serve to explain some of the phenomena of atmospheric electricity. 
According to C. T. R. Wilson, the positive potential of the atmosphere 
is largely to be attributed to the carrying down of negative charges by 
raindrops and snowflakes. The upper layers of the atmosphere, being 
highly ionized and quite good conductors, would conduct the remaining 
positive charge to places of lower potential and would thus always aid 
in equalizing the potential of wet and dry regions. 


RADIOACTIVITY OF THE METALS 

After the discovery that several of the elements were radioactive, 
it was natural to ask if radioactivity was a universal property of all the 
elements. Madame Curie’s work showed that if the ordinary elements 
are radioactive at all, they must possess this property to but a very 
slight degree. In order to detect any possible radioactivity, it was 
necessary to have very sensitive instruments. It was found by Wilson 
and Geitel that there is a leakage of electricity through a gas in a 
closed vessel and that this leak could be measured very accurately by 
means of an electroscope. Now either the ions are produced spon- 
taneously in the gas, by a radiation which is capable of penetrating the 
sides of the electroscope or by radiations from the walls of the electro- 
scope itself. Rutherford, Cooke and McClennan have shown that some 
thirty or forty per cent. is due to a very penetrating radiation sup- 
posed to be the y rays emitted by the radium and thorium products in 
the air and ground. By using lead screens around the electroscope, 
they were able to decrease the rate of leak to a certain limiting value 
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beyond which they were unable to go, no matter how much lead was 
used. Strutt and others then found that for electroscopes of the same 
dimensions, the amount of ionization depended on the material forming 
the walls. For vessels of the same shape and size, lead walls gave the 
greatest amount of ionization, tin and iron considerably less, aluminium 
and glass the least of all. Strutt found that different specimens of the 
same metal gave a different ionization and he therefore concluded that 
the radioactivity of the metals was probably due to a common impurity. 

Patterson then tried using different gases and found that the 
ionization was proportional to the density. This fact is strong evidence 
that the ionization is not spontaneous within the gas, but is due to a 
radiation from the walls of the vessel. Patterson also found for the 
given vessel which he used (30 cm. in diameter and 20 cm. long) that 
the current through the gas was independent of the pressure above 300 
mm. of mercury and varied directly as the pressure below 80 mm. The 
ionization was found independent of the temperature up to 450° C. 
That the ionization was related to the pressure as stated above would 
indicate that above 300 mm. of mercury ali the radiation was absorbed, 
whereas below 80 mm. it was not all absorbed. 

The most complete work on the radiations from the metals and 
their salts has been done by Campbell. In experiments on the radia- 
tions from the metals, Campbell used an aluminium-lined box. Inside 
this was a wire gauze cage containing a gauze electrode. The cage 
would allow the admission of radiations, but not of ions. Then by pla- 
cing two sheets of metal so as to radiate into the cage, one sheet being 
arranged to slide back and forth, it was possible to measure the ioniza- 
tion produced at different distances of this sliding sheet from the cage. 
The curve which was plotted from the values of the ionization and the 
distances gave the values of various constants from which it was pos- 
sible to determine the values given in a table which is shortly to follow. 
Before considering this table it is needful to say that the curves in- 
dicated (when the external penetrating radiation was cut off): (1) 
an easily absorbable radiation from the sheets of metal placed aside of 
the cage; (2) a more penetrating radiation from the same; and (3) 
the radiation from the gauze cage. When the external penetrating 
radiation was not screened off, the curves showed in addition an ioniza- 
tion due to (4) the external pentrating radiation; (5) to the penetra- 
ting radiation excited by it; and (6) to the easily absorbable radiation 
also produced, In the table, a is Bragg’s constant for the intrinsic 
absorbable radiations, a constant which corresponds to the range of the 
a particles of the radioactive elements; s is the number of ions pro- 
duced per second by the intrinsic absorbable radiation from one square 
centimeter of the surface of the metal, when totally absorbed in air; 
A is the coefficient of absorption of the easily absorbable secondary 
radiation ; s’ is the number of ions produced per cubic centimeter by 
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the easily absorbable secondary radiation from one square centimeter of 
the metal under the circumstances of the experiment; V is the number 
of ions produced in 1 c.c. by the intrinsic penetrating radiation from the 
whole box and lead screen; V’ is the number of ions produced in 1 c.c, 
by the external radiation and the penetrating radiation excited by it. 





























Taste III. 
Metal 8 s V Vv’ a | A 
Lead (1) 270 0 10.2 14.2 12 | 
“ (2) 260 0 13.4 26.3 12 
Copper (1) 103 160 2.2 22 9 | .6 
(2) 110 91 8.1 27.4 9 | 5 
Aluminium 117 0 14.8 17 6 0 
Tin 144 156 3.1 18.9 9 | 6 
Silver 146 146 25.5 17.0 8.5 9 
Platinum 74 411 17.3 14.1 12 | 4 
Gold 78 169 10.4 16.8 10 | .6 
Zinc 72 51 15.4 16.8 10 5 
Iron 119 124 12.3 10.5 13 | 6 





X is the coefficient of absorption of the easily absorbable secondary radiation. 


By using a strong electrostatic field, an attempt was made to deter- 
mine whether the ionizing agents for the intrinsic absorbable radiation 
were charged. These radiations were found certainly not to be of the 
B type and very probably to have a nature similar to that of the a rays. 
No radium emanation was able to be detected from the lead used. 

From the constancy of the value of s for the different specimens of 
the same metal and on account of the variation in the values of a for 
the different metals, Campbell rightly concludes that there seems to 
be no doubt but that the ordinary metals are feebly radioactive. In 
some cases the experimental and theoretical curves agree so well that 
it would seem that the radiations are homogeneous. 

Campbell has also investigated the radioactivity of the metals and 
their salts in a similar way. He finds that the emission of radiations 
is an atomic property and that salts prepared by totally different 
methods and from materials derived from different sources, produce the 
same ionizing effect. It is only the metal that produces any measurable 
ionizing effect. The following are some of the results: 
































Substance Arbitrary Units | Suhstenee Arbitrary Units 

Lead 9.3 | Tin 4.4 
Lead sulphate (1) 6.8 | Tin sulphide (1) 4.1 

“cc “c ( 2) 7 <é “ (2) 3.9 

“ (8) 7.2 } « « (3) 3.8 
Lead monoxide 8.2 | Bismuth 6 
Mercury 9 | Bismuth oxide 5.7 
Mercurous oxide 5 | Potassium sulphate 70 
Mercuric oxide 6 
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Per Cent. v f | Activi igh 
eee Fomsten | Gee” | Petontom | vee 

Potassium sulphate (1) 44.7 489 1,090 220 

- ot (2) - 471 1,050 215 

Potassium chloride (1) 52.1 495 951 135 

sc “ (2) “cs sc “e 139 

Potassium iodide 23.5 276 1,180 232 

Potassium nitrate 38.6 388 1,005 199 
Potassium sulphate (from wood) 44.7 474 1,060 
Orthodase 16.5 201 1,220 
Rubidium alum 16.6 128 768 





The use of numerals after the name ¢ of the substance is to indicate that the 


substance was made by a distinct method of analysis. 

It will be noticed that the ionization from potassium and rubid- 
ium is very large compared with that from the other metals. It was 
found that the penetrating power of the potassium and rubidium 
radiations was also quite large. A given sample of a potassium salt 
gave the following results: 


Number of 
Sheets of Foil Ionization Decrease 
0 467 
1 361 106 
2 299 62 
3 265 34 
4 240 25 


It will be seen that the rays are very heterogeneous and vary in 
penetration from that of the very penetrating 8 rays of uranium down- 
ward. Sodium, lithium and ammonium salts showed no more activity 
than zinc. The rays from rubidium were found less penetrating than 
those from potassium. The activity of uranium is about a thousand 
times that of potassium. Photographs were also taken by making use 
of the rays from potassium and rubidium. 

Campbell’s results are in consonance with the experiments made 
some time ago by J. J. Thomson. Thomson showed that rubidium and 
potassium emit negatively charged particles which were deflected by an 
electrostatic field in the same way as the ordinary corpuscles. 


CoNcLUSION 
In summing up we find that: 

1. Some of the elements, as radium and thorium, are intensely 
radioactive. 

2. Radium is very widely distributed through the rocks of the earth, 
and in radioactive minerals is found to exist in a constant proportion 
with uranium. 

3. Radium and its products are also to be found in the air and play 
an important réle in atmospheric phenomena. 

4, The ordinary metals are slightly radioactive, emitting radiations 
that seem very much like the a radiation from the radio-elements. 

5. Potassium and rubidium emit radiations similar to the 8 rays. 
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THE INFLUENCE OF DIET ON ENDURANCE AND 
GENERAL EFFICIENCY 


By ProressoR RUSSELL H. CHITTENDEN 


SHEFFIELD SCIENTIFIC SCHOOL OF YALE UNIVERSITY 


 haaas piso study of the physiological needs of the body 

for food? has indicated that the real requirements of the sys- 
tem, especially for proteid foods, are far below the amounts called for 
by existing dietary standards, and still farther below the customary 
habits of the majority of mankind. The ability of the body to main- 
tain a condition of physiological equilibrium, with a true nitrogen 
balance, etc., on a relatively small amount of nitrogenous food, would 
seemingly imply that the large surplus so generally consumed consti- 
tutes an entirely uncalled-for drain upon the system, as well as upon 
the pocket of the individual, and without any compensatory gain. 

In our experimental study of this question, observations on many 
individuals have extended over such long periods of time that there is 
apparently perfect safety in the conclusion that the new dietary stand- 
ards which aim to conform to the true needs of the body are perfectly 
adapted to maintain health, strength and vigor indefinitely. Further, 
the many data obtained in our experimental studies, reinforced by a 
multitude of personal experiences from all over the world, communi- 
cated to the writer, all lead to the view that there is great personal gain 
in the acquisition of dietary habits that tend toward moderation and 
simplicity. Renewed health, increased vigor, greater freedom from 
minor ailments, etc., are so frequently reported as the outcome of tem- 
perance in diet, that we are forced to the conclusion that the surplus 
of proteid food so commonly consumed—amounts far beyond what the 
physiological necessities of the body demand—is wholly unphysiological 
and in the long run detrimental to the best interests of the individual. 
There is seemingly sound philosophy in so changing the customs and 
habits of our daily life that they will conform more or less closely to 
our present understanding of the physiological requirements of the 
body. 

It is certainly not presumptuous to assume that physiological ex- 
perimentation can tell us definitely and concisely how much and what 
kinds of food are needed to supply the daily waste of tissue and to 
make good the loss of energy incidental to varying degrees of bodily 











*See Chittenden: “ Physiological Economy in Nutrition” and “The Nutri- 
tion of Man,” Frederick A. Stokes Co., New York. 
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activity. This we have sought to ascertain by our studies of the past 
five years, and confidence in our results is augmented by the fact that 
when living on a lower level of proteid consumption bodily strength 
and endurance are unquestionably increased; muscular fatigue and 
soreness as concomitants of severe or prolonged muscular effort di- 
minish or are wholly wanting; thus raising the suggestion that under 
true physiological conditions the muscles of the body are capable of 
more prolonged effort, and with greater freedom from disagreeable 
after-effects than when the system is charged with an excess of ni- 
trogenous and other waste incidental to large intakes of proteid food. 
In other words, consumption of proteid food in closer harmony with 
the true needs of the body is accompanied by a smoother and more 
efficient working of the bodily machinery; less friction and better 
results follow a daily diet in which excess is avoided and the intake 
made to correspond more closely with physiological requirements. 

Those who are skeptical of the real value of a relatively low intake 
of proteid food frequently acquiesce in the general statement that as a 
physiological experiment it may be quite true that equilibrium, physical 
vigor, efficiency, etc., can be maintained by a smaller amount of pro- 
teid food, but they are inclined to the view that in the long run more 
abundant supplies of nutriment will be demanded in harmony with 
the ordinary customs of mankind. This is a reasonable objection, and 
one that time only can answer. It is quite possible—though not very 
probable—that an experiment of several years’ duration even may fail 
to show certain deleterious effects which eventually may manifest them- 
selves, assuming that the body does actually need more proteid food 
than our experimental results imply. This may be a purely theoretical 
objection, but it is one that is deserving of some consideration, since it 
is unquestionably true that there are many factors in the broad subject 
of nutrition not yet fully understood, and there are many phases of 
proteid metabolism not wholly clear. So far as any experimental 
evidence is concerned, however, there is nothing, in the writer’s opinion, 
that can be construed as giving weight to this objection. Neither are 
there any observations bearing on the customs or habits of peoples or 
communities that can be adduced in favor of possible danger to the 
individual from a continued intake of proteid food in harmony with 
our experimental data; certainly none that is not equally susceptible 
of plausible explanation on some other ground. 

As has been stated in another place,? a daily intake of 60 grams, 
or two ounces, of proteid is quite sufficient to meet the needs of a man 
of 70 kilograms body-weight, and this without increasing unduly the 
amount of non-nitrogenous food. In fact, for a man of the above 
weight doing an ordinary amount of work, the total calorific value of 


2“ The Nutrition of Man,” p. 272. _ 
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the daily food need not exceed 2,800 calories. As compared with the 
ordinary statements of the body’s needs, this means a saving of one 
half in the amount of proteid food and about one fifth in the amount 
of non-nitrogenous food daily. That these smaller amounts of food 
are quite sufficient to meet the needs of the body is indicated by the 
condition of the subjects after many months of living at these lower 
levels. Especially noticeable, because at that time wholly unexpected, 
was the decided gain in bodily strength and endurance manifested by 
all the subjects of experiment. This gain was spoken of as gain in 
“total strength,” but the element of endurance was incorporated 
therein, since the final product* was a compound of the dynamometer 
tests of individual muscles and the number of times the individual 
could pull up and push up his body on the parallel bars. The natural 
interpretation of the results obtained was that the increased muscular 
efficiency was a direct or indirect result of the lowered proteid metab- 
olism of the body. In other words, it might be reasoned that the 
smaller consumption of proteid food was a nearer approach to normal 
conditions, and as a result there was manifested an increased muscular 
efficiency. However this may be, bodily strength and endurance were 
certainly increased, and the question naturally arises, will this improved 
state of the body continue for any length of time under such conditions 
of diet? In other words, may we expect to find an improved physical 
condition of the body in following habits of life which seemingly accord 
more closely with true physiological needs, avoiding that excess of food 
intake that the common practises of mankind sanction? 

One of the first subjects experimented with by the writer was 
Horace Fletcher, who in 1903 spent several months in our laboratory* 
and was at the same time carefully tested by Dr. William G. Anderson, 
director of the Yale Gymnasium, as to his physical condition. For 
some five years Mr. Fletcher had practised a certain degree of absti- 
nence in the taking of food with, as he believed, important economy, 
+. e., great gain in bodily and mental vigor and with marked improve- 
ment in his general health. He found that under his new method of 
living he was possessed of a peculiar fitness for work and with freedom 
from the ordinary fatigue incidental to extra physical exertion. In 
the laboratory observations made at that time, it was found that he 
was not metabolizing more than fifty grams of proteid per day, while 
at the same time his body was essentially in a condition of nitrogen 
equilibrium. Dr. Anderson, as the result of his observations on Mr. 
Fletcher, concluded that, considering his age, he had never seen an 
individual able to work in the gymnasium with fewer noticeable bad 
results, since he was able to do the work of trained athletes and not 





*“ Physiological Economy in Nutrition,” p. 259. 
*See Poputak Science MonrTHLY, June, 1903, p. 127. 
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give marked evidences of over-exertion, although not in training. At 
the time these experiments were tried Mr. Fletcher weighed one hun- 
dred and fifty-seven and a half pounds, and was in his fifty-fourth year. 

While, naturally, we have not been able to obtain daily records of 
the quantity of food taken by Mr. Fletcher during the past four years, 
observations made from time to time have confirmed his general state- 
ment that he lives essentially at this same low level of proteid metab- 
olism. In June, 1907, Mr. Fletcher was again at New Haven for some 
weeks, thus giving us an opportunity to test his rate of nitrogen ex- 
change and his physical condition. It was found that the amount of 
nitrogenous or proteid food consumed daily never exceeded sixty grams, 
and that his nitrogen metabolism averaged not far from seven grams 
per day. His body-weight was found to be one hundred and seventy- 
seven and a half pounds. We thus had an opportunity of testing the 
physical endurance of a man who has for at least nine years practised 
a degree of physiological economy in nutrition, which means a daily 
consumption of proteid food in amount less than one half that called 
for by the ordinary dietary standards. It would seem reasonable to 
suppose that if a low nitrogen intake is destined eventually to prove 
detrimental to the individual, some sign of such deleterious effect 
would manifest itself during this period of time. If, on the other 
hand, consumption of proteid food in harmony with the lower dietary 
standards which the writer is disposed to advocate on the basis of his 
experimental results, is beneficial to the individual, then one might 
expect to find a continuance of the same physical vigor noted in the 
earlier observations on Mr. Fletcher, in spite of the fact that at this 
date the subject was nearly fifty-nine years of age. 

Through the kindness of Dr. Anderson, of the Yale Gymnasium, 
Mr. Fletcher was subjected to a variety of tests, the outcome of which 
is best presented in the words of Dr. Anderson, as given to the writer 
in a report made under date of June 28, 1907. 


On June 11, 1907, Mr. Fletcher again visited the Yale Gymnasium and 
underwent a test on Professor Fisher’s dynamometer. This device is made to 
test the endurance of the calf muscles. (Soleus and gastrocnemius.) The sub- 
ject makes a dead lift of a prescribed weight as many times as possible. In 
order to select a definite weight the subject first ascertains his strength on the 
Kellogg mercurial dynamometer by one strong, steady contraction of the muscles 
named—and then he finds his endurance by lifting three fourths of this weight 
on the Fisher dynamometer as many times as possible at two- or three-second 
intervals. One leg only is used in the lift, and, as indicated, the right is usu- 
ally chosen. 

Mr. Fletcher’s actual strength as indicated on the Kellogg machine was 
not quite 400 pounds, ascertained by three trials. In his endurance test on the 
Fisher machine he raised 300 pounds 350 times and then did not reach the limit 
of his power. Previous to this time Dr. Frank Born, the medical assistant at 
the gymnasium, had collected data from 18 Yale students, most of whom were 
trained athletes or gymnasts. The average record of these men was 87.4 lifts, 
the extremes being 33 and 175 lifts. 

It will be noticed that Mr. Fletcher doubled the best record made previous 
to his feat and numerous subsequent tests have failed to increase the average 
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of Mr. Fletcher’s competitors. Mr. Fletcher informs me that he has done no 
training nor has he taken any strenuous exercise since February, 1907. On 
two occasions only during the past year he reports to have done hard work in 
emergencies; once while following Major General Wood in the Philippines in 
climbing a voleanie mountain through a tropical jungle on an island near 
Mindanao for nine hours; and once wading through deep snow in the Hima- 
layan Mountains, some three miles one day and seven miles the next day, in 
about as many hours. This last emergency experience came through being 
caught in a blizzard near Murree, in northern India, at 8,500 feet elevation, 
on the way to the Vale of Kashmir. These two trials represented climatic 
extremes and Mr. Fletcher states that neither the heat nor the cold gave him 
discomfort, a significant fact in estimating physical condition. 

Before the trial on the Fisher ergograph, the subject’s pulse was normal 
(about 75); afterwards it ran 120 beats to the minute. Five minutes later it 
had fallen to 112. No later reading was taken that day. The hands did not 
tremble more than usual under resting conditions, as Mr. Fletcher was able to 
hold in either hand immediately after the test a glass brimming over with 
water without spilling a drop. The face was flushed, perspiration moderate, 
heart action regular and control of the right foot and leg used in the test normal 
immediately following the feat. I consider this a remarkable showing for a 
man in his fifty-ninth year, 5 feet 6% inches in height, weighing 177% pounds 
and not in training. 

In order to make a more thorough test of Mr. Fletcher’s powers of endur- 
ance under varying degrees of physical strain he underwent on the 17th, 18th, 
19th, 2lst and 22d of June, 1907, the following: 

1. Going up 32 steps of a spiral stairway at natural speed. 

2. While in the lying position, raising the trunk to a vertical position a 
prescribed number of times and continuing as many more times, at will, as 
agreeable. 

3. While standing with arms upraised to the full bending forward and 
downward, touching the floor with the fingers without bending the knees. 

4. While holding two 25-pound iron dumb-bells, first flexing the elbows and 
then raising the weights to arm’s length above the head. 

5. A daily test on the Fisher dynamometer, not for endurance, but for meas- 
uring pulse acceleration. 

It became necessary to make a change in the character of the movements 
on the final day of the test on account of the chafed condition of the subject’s 
skin, and we added: 

6. “ Running in place, 
treme possible height. 

7. Rapid extension of the arms upward, outward and downward. 

8. Same as 7, but holding one-pound wooden bells in each hand. 

Pulse readings were taken before and after each test, and in the following 
report the average pulse for each exercise is given: 

After quickly climbing 32 spiral steps, five trials, the average pulse was 
115.2 beats to the minute. 

After trunk raising, five trials, 50, 60, 70, 100 and 100 times; the latter 
two trials in one day, five hours apart; average pulse, 115.2 beats. 

After trunk bending, five trials, 60, 100, 150, 200 and 300 times; the latter 
two trials in one day, five hours apart; average pulse, 150 beats. 

After lifting the 25-pound bells, five trials, 5, 5, 10, 10 and 10 times; 
average pulse, 138 beats. 

After tests on the Fisher dynamometer, four trials, 50, 60, 60 and 60 times; 
average pulse, 120 beats. 

After rapid arm work for three minutes, average pulse, 156 beats. 

After similar work holding wooden bells (two minutes), average pulse, 
156 beats. 

After running in place as rapidly and as strenuously as possible for one 
minute, average pulse, 144 beats. 

After each test the respiration and heart action, while active, were healthy, 
and, under such conditions, normal. 

There was not the slightest evidence of soreness, stiffness or muscular 
fatigue either during or after the six days of the trials. The chafing of the 
skin was due to the rubbing of the “tights ” worn while lying down and raising 
the trunk. Mr. Fletcher made no apparent effort to conceal any evidences of 
strain or overwork and did not show any. He informs me that he felt no dis- 
tress whatever at any time. 


” 


with knee lifting forward and upwards to the ex- 
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During the thirty-five years of my own experience in physical training and 
teaching I have never tested a man who equalled this record. The latter tests, 
given in June, 1907, were more taxing than those given in 1903, but Mr. Fletcher 
underwent the trials with more apparent ease than he did four years ago. What 
seems to me to be the most remarkable feature of Mr. Fletcher’s tests is that a 
man nearing sixty years of age should show progressive improvement of mus- 
cular quality merely as the result of dietetic care and with no systematic 
physical training. 

Such a record of endurance as this, especially when made by a man 
fifty-nine years of age, can hardly fail to attract our attention. Further, 
when it is remembered that the subject of this test was not in training, 
the question naturally arises as to the cause of this phenomenal show- 
ing. Why a man of fifty-nine years of age, without training, should 
be able to far surpass the record for endurance made by young and 
vigorous athletes can only be surmised, but it certainly seems plausible 
to assume that the explanation is to be found in the careful dietary 
habits which this man has followed for the past nine years. In any 
event, it is fair to suppose that habits of life, leading to a relatively 
small intake of nitrogenous food, are not inimical to a general condi- 
tion of physical efficiency and muscular endurance. We may go even 
farther and assume that the remarkable showing made by this subject 
is due directly to his temperate dietary habits. Mr. Fletcher would 
doubtless lay special stress upon his habit of thorough mastication and 
of abstaining from eating until the appetite strongly demanded food. 
This phase of the subject we need not discuss here. The main point is 
that this particular subject has during these nine years made a practise 
of consuming daily a quantity of proteid food not more than one half 
that demanded by ordinary dietary standards. In other words, his 
habits of living have been essentially in accord with the conclusions 
arrived at by our experimental studies bearing on the requirements of 
the body for proteid food. 

We see in these results possible progressive muscular recuperation 
after middle life by means of diet alone. If a man by careful atten- 
tion to his diet can show progressive gain in endurance and general 
efficiency after fifty without systematic training, it is a fact well worth 
knowing. In any event, the data afforded by this particular subject 
corroborate in striking fashion the conclusions arrived at by laboratory 
experimentation, and tend to confirm the view that there is perfect 
safety and probable gain to the body in a system of dietetics which 
approximates to true physiological requirements and avoids undue 
excess. 
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JEAN LOUIS RUDOLPHE AGASSIZ? 


By ProressoR EDWARD S. MORSE 


PEABODY MUSEUM, SALEM, MASS. 


EAN LOUIS RUDOLPHE AGASSIZ was born in Motier, 
Switzerland, May 28, 1807, and died in Cambridge, December 
14, 1873. 

He was one of the great naturalists of the world, a student of 
Cuvier, beloved by Humboldt, counting every distinguished name in 
science as an admirer and idolized by his associates. At the age of 
twenty-four he had an international reputation. He had conferred 
upon him many degrees, one of which was the doctor’s degree of medi- 
cine and surgery, in the preparation for which Von Siebold says he 
prepared seventy-four theses on anatomical, pathological, surgical and 
obstetrical subjects, also investigations in materia medica, medicina 
forensis and the relation of botany to these topics. 

He studied at the medical school at Zurich, the University of 
Heidelberg and at the University of Munich. Investigations of the 
widest diversity in natural science were embodied in 415 papers, 
memoirs and books, many in quarto and folio, representing nearly ten 
thousand pages and a thousand plates. 

Besides his profound attainments as a naturalist he was equally 
remarkable as a teacher and most eloquent as a lecturer. Always en- 
thusiastic in his own work, he had the further power of inspiring this 
enthusiasm in others. At the age of twenty-three, in a letter to his 
brother, he said: “ What troubles me is that the thing I most desire 
seems to me, at least for the present, farthest from my reach, namely, 
the direction of a great museum.” He little foresaw that thirty-one 
years from that time he would see the inauguration with pomp and 
circumstance of the great museum at Cambridge of which he was the 
originator and director. Nor could he have anticipated that his son, 
profiting by his engineering and geological studies in the Lawrence 
Scientific School with which this museum was affiliated, should use that 
knowledge in securing the fortune by which the museum has expanded 
far beyond the most ardent imagination of its founder. 

In the very prime of his manhood, in the very height of his fame, 

*Read at the unveiling of the Agassiz tablet at the Hall of Fame, New 
York, May 30, 1907. In the preparation of this brief address I am indebted 


to Mrs. Elizabeth Agassiz’s charming tribute to her husband in her “ Life and 
Letters of Louis Agassiz” and to Marcou’s “Life of Agassiz.” 
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he came to our country, and by his enthusiasm, his eloquence, his 
winning and democratic ways, he won the hearts of all, and from his 
advent here may be dated the wide-spread love of natural science among 
the masses. 

Agassiz’s contributions as a naturalist covered the entire range of 
the animal kingdom. A study of his bibliography exhibits communica- 
tions, papers and memoirs on every Cuvierian class. A further study 
of this bibliography indicates that, as a young man, he grappled with 
some of the most difficult groups of the animal kingdom. The fishes 
had been one of the most distracting divisions of the higher animals. 
The limitations of their genera, the homologies of their bony structure, 
had daunted most zoologists who confined their work to the description 
of species. Agassiz’s first important work was the “ Fishes of Brazil,” 
based upon material brought home by Martius and Spix. This was 
done at the age of twenty-two. The work was written in Latin, dedi- 
eated to Cuvier, and illustrated with a folio of ninety plates. At the 
age of twenty-three he issued his prospectus of the natural history of 
the fresh-water fishes of central Europe, which was completed twelve 
years after, accompanied by a folio atlas of forty-one colored plates. 

Difficult as was this task, he wrestled with a still more difficult one, 
namely, the “ Fossil Fishes,” and in nine years had completed this 
remarkable work in five quarto volumes with 400 colored folio plates. 
This publication alone placed him in the front rank of naturalists. 
An eminent geologist has written in regard to this work that Agassiz’s 
power of classifying fossils and his success in reducing to order thou- 
sands of specimens of fishes, a great many of which were perfect puzzles 
to every one, was simply marvelous. The echinoderms, with their 
complicated covering of curious plates, spines and minute appendages, 
formed another most difficult group for study. From the number of 
fossil species in the rocks in his neighborhood Agassiz was led to a 
minute examination of both living and fossil forms which culminated 
in his great monograph of echinoderms with many plates. 

The prodigious extent and character of the work done before he 
was thirty years old may be appreciated when it is stated that on a 
meager salary of $400 a year he established a lithographic press at 
Neuchatel, he employed two skilful artists, published a number of 
parts of his monograph of the echinoderms, several parts of his fossil 
fishes, made a profound study of the glacial phenomena of the Alps as 
well as of the geology and paleontology of the Jura and superadded to 
all this work the monographing of two molluscan genera, Mya and 
Trigonia. Ernest Favre, in his biographical notice of Agassiz, says, 
in regard to this period of his life, that he displayed an incredible 
energy, of which the history of science offers, perhaps, no other 
example. 
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His original way of dealing with subjects is well illustrated in his 
studies of fossil bivalve mollusca. It had been customary to describe 
the external markings of the shell and when possible the muscular 
impressions within. Agassiz soon realized the importance of studying 
the interior contour of the shell, and forthwith proceeded, by means 
of casts, to bring to light the relations of these fossils with their living 
representatives. His maxim was to have abundant material—thou- 
sands of specimens, if necessary—for any proper research. In studying 
glaciers he literally rode on the back of one for weeks at a time. He 
furthermore urged his students to read all that had been written on a 
subject before publishing. 

Agassiz not only defined many new species of animals in various 
classes, but he was continually dwelling on the affinities and homologies 
among the various groups; more particularly their classification and 
their geographical and stratigraphical distribution. His studies in em- 
bryology and his familiarity with the work of Von Baer led him to 
recognize the general truth that the young of higher animals in their 
respective groups resembled the mature forms of animals lower down 
in the scale. From these studies he soon grasped the greater concep- 
tion that this principle was carried out in time as well, and that fossil 
animals in the early horizons of geological history resembled the 
embryonic or early condition of higher animals now living and hence 
the idea of comprehensive or prophetic types. This same broad grasp 
of fundamental principles was remarkably illustrated in his studies of 
glacial phenomena in the Alps. One of his biographers says, “ With 
his power of quick perception, his unmatched memory, his perspicacity, 
and acuteness, his way of classifying, judging and marshaling facts, 
Agassiz promptly learned the whole mass of irresistible argvments 
collected patiently during seven years by Charpentier and Venetz, and 
with his insatiable appetite and that faculty of assimilation which he 
possessed in such a wonderful degree he digested the whole doctrine 
of the glaciers in a few weeks,” and added a great many new and 
important facts. 

From his study of the glaciers of the Alps he soon announced his 
belief that the whole northern hemisphere had at one time been covered 
by an ice sheet. The various records of this vast sea of ice which had 
been interpreted by the most eminent geologists as the result of diluvial 
action and flowing mud he rightly attributed to the action of ice. In 
the face of the most strenuous and even bitter opposition he trium- 
phantly established the former existence of the Great Ice Age. Subse- 
quent studies, while modifying the limitation of the great ice sheet, 
have only strengthened the views of Agassiz. 

Agassiz’s absorbing interest in the structural relations of animals 
led him to define with greater accuracy the limitation of various groups. 
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As a student of the great French naturalist, Cuvier, he became an 
eloquent advocate of the existence in nature of four great branches 
of the animal kingdom. He was early convinced that branches, classes, 
orders, families and genera had as distinct an existence in nature as 
species, and his life work was to make clear and rigid their definition. 
His eager desire to understand the relations existing between obscure 
forms was expressed one day in a private talk to his pupils, when he 
earnestly exclaimed, “The lamprey eel has been my puzzle and my 
misery for twenty years.” 

Not only in many technical essays, but as an eloquent teacher, he 
made these principles of classification so plain that vast audiences were 
able to grasp his conceptions. Those who heard his lectures on the 
subject will never forget the vivid way in which he impressed upon his 
auditors these views emphasized by graphic blackboard drawings. 

In his methods of study in Natural History he presented in a 
popular form the leading features of his belief in the systematic rela- 
tions of animals as embodied in his famous “ Essay on Classification.” 
The following quotation from his Methods of Study will indicate the 
ideas which were surely preparing the ground for the acceptance of 
the theory of evolution: 

Man is the crowning work of God on earth, but though so nobly endowed, 
we must not forget that we are the lofty children of a race whose lowest forms 
lie prostrate within the water, having no higher aspirations than the desire for 
food; and we can not understand the possible degradation and moral wretched- 
ness of Man, without knowing that his physical nature is rooted in all the 
material characteristics that belong to his type and link him even with the 
fish. The moral and intellectual gifts that distinguish him from them are his 
to use or to abuse; he may, if he will, abjure his better nature and be Verte- 
brate more than Man. He may sink as low as the lowest of his type, or he 
may rise to a spiritual height that will make that which distinguishes him 
from the rest far more the controlling element of his being than that which 
unites him with them. 

Not only by such expressions just quoted, but in other statements, 
he certainly prepared the way for the more prompt recognition of 
Darwin’s views. 

Inspired by the belief in the existence in nature of categories of 
structure, he strengthened old homologies and established many new 
ones. In representing the four Cuvierian branches by schematic lines, 
he did not draw a series of lines one above the other, or enclose each 
group by sharply defined brackets, but drew these lines, parallel it is 
true, but side by side in an ascending scale, slightly overlapping. He 
endeavored to indicate by such a diagram his belief, which was correct, 
that the higher members of a lower group were more advanced in 
structure than the lower members of a group next above. Thus while 
the vertebrates were higher as a branch than the articulates, the highest 
class of the articulates, the insects, were higher in structure than many 
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of the lowest vertebrates. In this way he broke up the idea that the 
animal kingdom formed a continuous ladder in creation, from the 
lowest form to man. This was an important approach to a phylo- 
genetic diagram, for it was readily seen that the lower forms in each 
great division had closer affinities with each other than existed among 
the higher members. In other words, that his schematic lines should 
not be made parallel, but should converge below—a genealogical tree 
in fact. His generalized or prophetic types lend overwhelming sup- 
port to this conclusion. 

It has been repeatedly said, and with truth, that Agassiz’s teachings 
paved the way for the prompt acceptance of the theory of evolution— 
first, because he familiarized the great public with a structural knowl- 
edge of. the animal kingdom and the affinities existing between the 
different groups, and, second, because he demonstrated the recapitula- 
tion theory of Von Baer, and added the great conception that the 
history of the animal kingdom from the earliest geological horizons 
added further proof of these principles. Agassiz came to an environ- 
ment well fitted to encourage him. He came to an intellectual center 
famous for its leadership in science and letters, but the hearty recep- 
tion accorded him in widely separated regions leads to the conviction 
that had he settled anywhere in the Country he would have inspired the 
same enthusiasm and induced hard-headed legislators everywhere to 
have voted large appropriations, and private citizens to contribute 
generous sums. It required only his touch to bring into recognition 
names among us that had before his magic influence been known only 
in limited circles. Men of the caliber of those of 1846 are a thousand 
times more widely known to-day, not because of the changed character 
of the public press, which celebrates with equal prominence and im- 
partiality girl graduates of a public school and men who have revolu- 
tionized the world by their inventions, but becouse he made us appre- 
ciate the worth of an investigator. Our nation has always believed 
in education and public schools, and hence has universally approved of 
high endowments for educational purposes. His great plea and one 
that had its effect on the legislators was that the museum was an educa- 
tional institution, that it was to be opened every day free to the public 
and that it was a sound investment, though its dividends were wholly 
intellectual. A few personal reminiscences may be of interest at this 
point. In the early part of the civil war, one of our class enlisted and 
received an appointment as an officer of the line—the rest of us bought 
a fine sword and presented it to him. On showing the sword to 
Agassiz, he instantly threw himself into the attitude of a fencer and 
became absorbed in thrust and parry, utterly unconscious of our amaze- 
ment at his earnestness and skill. We learned afterwards that as a 
student at Munich he had not only fought a number of student duels 

















OO ———— 


JEAN LOUIS RUDOLPHE AGASSIZ 547 


in which he was always the victor, but on one occasion he had chal- 
lenged a whole class, whereupon the best swordsman was selected to 
meet him, when he insisted that he had really challenged every member 
of the class to fight. After four had crossed swords with him and 
been vanquished the remainder were quite ready to retire. Agassiz 
with all his genius had no capacity for business and, as he admitted, 
was incapable of doing a simple sum in addition; nevertheless, he 
plunged into investigations which to carry out involved the expendi- 
ture of large sums of money. Mrs. Agassiz in the charming tribute to 
her distinguished husband says: 


He was frugal in his personal habits. At this very time, when he was keep- 
ing two or three artists on his slender means, he made his own breakfast in his 
room and dined for a few cents a day at the cheapest eating houses. But where 
science was concerned the only economy recognized, either in youth or old age, 
was that of an expenditure as bold as it was carefully considered. 


While expressing his great appreciation of the many honors given 
him by distinguished societies, he seemed to be indifferent to the 
certificates of these honors. As an illustration of this indifference I 
may cite an experience that a few of us had with an enormous mass of 
pamphlets which were unpacked and which Agassiz asked us to classify 
and arrange by their respective subjects. Intermixed with these 
pamphlets were numerous diplomas, some of them badly wrinkled, 
attesting to his election as associate or honorary member of great 
societies and academies, university degrees, and, if I remember rightly, 
medals of honor also. 

Very few are aware of the profound influence Agassiz’s devotion 
to his work and his enthusiasm had on the character of Harvard Col- 
lege. To apply an expression of Froude, he came in to this staid 
college community like a meteor out of the clear sky. One day as he 
crossed the college campus I drew a sketch of him: it contradicts every 
custom and tradition of the Harvard professor since the foundation of 
the college in 1638. On his head a soft hat, in his pockets his hands, 


_ in his mouth a cigar! President Eliot, in his address at the Agassiz 


commemorative meeting of the Cambridge Historical Society, said that 
Agassiz’s ability in securing from hard-fisted members of the General 
Court large appropriations for his museum, excited the envy of other 
departmental chiefs. Yet in obtaining these large sums from the 
legislature, and from private citizens as well, he finally provoked the 
habit of liberal giving to the college as a whole. Thus the college 
grew into a university, and the inception of this growth dates from the 
advent of Agassiz. His advice was followed in shaping the work of 
the Smithsonian Institution. A similar influence must be accredited 
to him in enlarging the work of the United States Coast and Geodetic 
Survey. Professor Bache, then superintendent, was an intimate friend 














548 POPULAR SCIENCE MONTHLY 





of Agassiz, and the broadening views of Agassiz on the work of this 
important branch of the national government was marked. The Amer- 
ican Association for the Advancement of Science is indebted to Agassiz 
for the remodeling of the old Society of Geologists and Naturalists 
along the line of the British Association, of which he had long been a 
member. He became president of the association in 1851. Agassiz, 
Bache and Henry were the leading spirits in originating the National 
Academy of Sciences. The character of the man is indicated by the 
fact that the highest authorities in art, science and literature were im- 
mediately drawn to him and found in him a true friend and a charm- 
ing companion. . 

The students associated with Agassiz at the dedication of the 
museum in Cambridge with few exceptions became heads of many of 
the great museums of the country. 

Professor Hyatt was, at the time of his death, custodian of the 
Boston Society of Natural History. Dr. Scudder had preceded him 
in the same office. Professor Shaler continued at Harvard as professor 
of geology and became dean of the Lawrence Scientific School. Pro- 
fessor Putnam, one of the originators of the Peabody Academy of Sci- 
ence in Salem, and for years director of its museum, is now director of 
the Peabody Museum at Cambridge. Professor Verrill has been pro- 
fessor of zoology at Yale since his graduation and is director of the 
museum at New Haven. Professor Packard, for some years director 
of the Peabody Museum at Salem, was at the time of his death, pro- 
fessor of zoology at Brown University. Professor Bickmore was closely 
identified with the inception of the American Museum of Natural 
History in New York, was its first director and continued in the office 
for many years, and the writer has for twenty-seven years been director 
of the Peabody Museum at Salem. 

This record is certainly a credit to the great teacher whose pupils 
adhered to the initial impulse imparted to them by their master. 

At the age of twenty-two, in a letter to his father, he wrote: 

I wish it may be said of Louis Agassiz that he was the first naturalist of 
his time, a good citizen, and a good son, beloved by those that knew him. I feel 
within myself the strength of a whole generation to work toward this end, and 
I will reach it if the means are not wanting. 


This boyish prophecy was fully established as attested by the 
glorious records of his life. 


Nore To THE EpiTor: In view of the distracting state of zoological nomen- 
clature at the present time with the habit of regarding the slightest deviation 
in structure as of generic value with the result that nearly every species has a 
separate generic name, it may be regarded as a misfortune that Agassiz could 
not have established on a sure and enduring foundation his various categories 
of classification. In a conventional manner it would be profitable to adopt his 
definitions, even if the groups have no real existence in nature. Only in this 
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way can relief be secured from a condition which is confusing and exasperating. 

As an illustration of Agassiz’s firm adherence to his principles of classifi- 
cation so clearly elaborated in his famous essay on the subject, I may be excused 
for giving a letter written to me a few days after I had explained to him my 
views regarding the systematic position of the Braciopoda: 

Your statements of last Saturday haunt me and I can not rest before I 
have seen more of your facts concerning the Anneliden affinities of the brachio- 
pods. The most telling evidence in your favor® you have never yet alluded to, 
at least not in my presence. But I must be cautious and wait till I see and 
hear more of your facts. When and where can I see you again? This is not 


a question of structural complication. 
Very truly yours, 
L. AGassiz. 
CAMBRIDGE, Jan. 2, 1871. 





?The italics are his. 
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THE ORIGIN OF SLAVERY AMONG ANTS 


Dr. WILLIAM MORTON WHEELER 


AMERICAN MUSEUM OF NATURAL HISTORY 


oe researches of the past few years have materially changed our 

views on the significance and phylogenetic origin of the so-called 
slave-making instincts among ants. And although the subject still 
involves many unsolved problems, we are now in a position to look back 
on its history and marvel at our too implicit confidence in certain 
analogies, at our neglect of the basic principles of phylogenetics, and 
at the inept questions we so long persisted in asking. 

Slavery, or dulosis, is a rare phenomenon among ants. In its pure 
form it is known to occur only in two of the several thousand described 
species, namely, in the sanguinary or blood-red slave-maker (Formica 
sanguinea) and the amazon (Polyergus rufescens). These species, 
with their various subspecies and varieties, are peculiar to the north 
temperate portions of Europe, Asia and America. The phenomenon 
was first discovered by J. Pierre Huber (1810)* and most completely 
described by him and by Forel (1874)? These investigators, of course, 
fixed their attention on the behavior of the workers. To this aspect of 
the subject later writers have added little of importance, and have 
merely fallen into a natural error of continuing in the same path as 
their illustrious predecessors. This was the case, for example, with 
Darwin® and with Wasmann, who for the past quarter of a century has 
been observing the slave-making ants of Europe. Huber and Forel 
showed that the workers of F’. sanguinea and P. rufescens make period- 
ical forays on colonies of ants belonging to the F. fusca group, carry 
home the worker cocoons and larve, and permit some of these to hatch 
and to survive with them in the same formicary. An eminently preda- 
tory species thus comes to live in intimate symbiosis with workers of 
an alien species which are said to function as slaves, or auxiliaries. 
F.. sanguinea is a powerful and very plastic species which continues to 
exercise all the fundamental ant instincts in the presence of its slaves. 
It can excavate galleries in the soil, obtain its own food and bring up 
its own young. Polyergus, however, is abjectly dependent on its 
auxiliaries. It is no longer able to excavate a nest, care for its own 





1“ Récherches sur les meeurs des fourmis indigénes,” Paris et Genéve, 1810. 

2“ Les Fourmis de la Suisse,” Ziirich, 1874. 

*“On the Origin of Species by Means of Natural Selection,” third edition, 
London, John Murray, 1861, p. 244. 
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offspring, or even to take food, except from the tongues of the alien 
workers. It is therefore properly considered as representing a more 
advanced stage of parasitism than sanguinea. A few species belonging 
to the Myrmicine genera Tomognathus and Strongylognathus seem to 
possess analogous instincts, but too little is known of their habits to 
enable us to make very definite statements concerning them. 

It was, of course, impossible to do more than speculate on the 
phylogeny of the slave-making instincts of sanguinea and Polyergus 
without a knowledge of the ontogenetic source and development of these 
instincts, and as these are social activities, that is, carried out simul- 
taneously by a number of cooperating organisms, it was necessary to 
learn something about the origin and development of the ant colony 
as a unit. The bearing on the origin of slavery of the obvious and 
fundamental fact that there is a double ontogeny and phylogeny in 
social organisms, namely, one of the colony as well as one of the indi- 
vidual, has been appreciated only within the past few years and has 
completely changed the aspect of the subject. 

In the great majority of ant species the colony arises and develops 
in the following manner: The single female, or queen, after mating 
during her marriage flight, descends to the earth, divests herself of her 
wings, digs a small cell in the soil, or enters some preformed cavity 
under a stone or in the tissues of a plant, lays a number of eggs, feeds 
the resulting larve with a salivary secretion, and guards and nurses 
them till they mature and constitute a brood of diminutive workers. 
These now proceed to enlarge the nest, to forage for food, both for 
themselves and their mother, and to care for the succeeding broods of 
young. The queen thenceforth gives herself up exclusively to feeding 
from the tongues of her offspring and to laying eggs. The colony 


-grows apace, the workers increasing in number, size and polymorphism 


with successive broods. Eventually males and virgin queens are pro- 
duced, though often only after the expiration of several years, when 
the colony may be said to have completed its ontogenetic development. 

It will be seen from the foregoing description that the mother 
queen lapses from the position of an independent organism with 
remarkable initiative to that of a parasite dependent on her own off- 
spring. The latter stage in her life is of much longer duration than 
the former. This singular ontogenetic change in the instincts of the 
queen should be noted, as it foreshadows an important phylogenetic 
development exhibiting two different modifications, one of which is 
excessive, the other defective, in comparison with the primitive and 
independent type of colony formation. The excessive, or redundant, 
type is known to occur only among the Attiine ants of tropical America. 
These raise fungi for food and are quite unable to subsist on any other 
substances. The queens are often very large, especially in the typical 
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genus Atta, and not only manage to bring to maturity a brood of 
workers, but at the same time, as von Ihering,* Goeldi® and Jacob 
Huber® have shown, have energy to spare to devote to the cultivation 
of a fungus garden. With the appearance of the first brood of workers, 
however, these queens, like those of most ants, degenerate into parasites 
on their own progeny. 

This dependent stage, which, as I have said, is of much greater 
duration than the independent stage in the long life of the queen, 
leads to a number of phylogenetic developments of the defective type. 
These developments first manifest themselves in the adoption of young 
queens by adult workers of their own species. A word of explanation 
will make this clear. In the colonies of many species of Formicide 
we find several queens—in fact, there are comparatively few ants 
whose adult colonies do not contain more than one of these fertile 
individuals. And a study of the growth of such colonies shows that 
the supernumerary queens are either daughters of the original single 
queen that founded the colony, or have been adopted from other colonies 
of the same species. Hence these queens are either virgins, or have 
been impregnated by their own brothers (adelphogamy of Forel) in 
the parental nest, or have been captured by the workers and carried 
into the nest after descending from their nuptial flight. This forci- 
ble adoption leads necessarily to a complete suppression of the inde- 
pendent stage in the life of such queens. I have shown, in another 
article, that merely removing a queen ant’s wings with tweezers will 
at once call forth the dependent series of instincts, and the same 
result is undoubtedly produced when the workers deilate the virgin 
or just-fertilized queens of their own or other formicaries. Such 
queens, finding themselves surrounded by a number of accomplished 
nurses, the workers, proceed at once to act like old queens that have 
already established their colonies and brought up a brood. 

From this condition of facultative adoption to an obligatory adop- 
tion of the queen by workers of her own species is but a step. And 
here there are three possibilities: first, the queen can establish a colony 
only with the aid of workers of her own species and of the same colony. 
This condition seems not to obtain among ants, although it is well 
known in the honey-bees. Second, the queen must either be adopted 
by the workers of her own species of the same or another colony, or 











*“Die Anlage neuer Kolonien und Pilzgiirten bei Atta sexdens,” Zool. Anz., 
XXI., 1898, pp. 238-245, 1 fig. 

*“ Beobachtungen itiber die erste Anlage einer neuen Kolonie von Atta 
cephalotes,” C0. R. 6me Congr. Internat. Zool., Berne, 1905, pp. 457-458, and 
“Myrmecologische Mitteilung das Wachsen des Pilzgiirtens bei Atta cephalotes 
betreffend,” ibid., pp. 508-509. 

*“ Ueber die Koloniengriindung bei Atta sexdens,” Biol. Centralbl., XXV., 
1905, pp. 606-619, 625-635, 26 figs. 
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by workers of an alien species. This is the case with many queen ants 
that have lost the power of establishing colonies unaided. Third, the 
queen must always be adopted by an alien species. This is the 
case in certain ants, especially in the highly parasitic forms that have 
lost their worker caste. The three conditions here enumerated clearly 
represent the transition from parasitism of the queen on the same, to 
parasitism on an alien species. The latter alone is commonly regarded 
as true parasitism, but the former, which, of course, can occur only 
among social organisms or during social stages in the lives of solitary 
organisms, is parasitism in every essential particular. It is not con- 
fined to ants and other social insects, but has analogies also in human 
societies (trusts, “ grafters,” criminal and ecclesiastical organizations) 
and in human families (when the parents become senile). 

Ant colonies are such closed and exclusive societies that the adop- 
tion of strange queens, even of the same species but from alien colonies, 
usually meets with insuperable opposition on the part of the workers, 
and, as a rule, female ants have to overcome even greater hostility 
when they seek adoption in colonies of alien species. There are, never- 
theless, at least three different methods of overcoming this hostility 
and of effecting an adoption. These may be taken to characterize 
three different forms of social parasitism, as follows: 

1. Temporary Social Parasitism.—I have given this name to a form 
of parasitism which I first observed in our American Formica difficilis 
var. consocians.*. The fertilized female of this ant, quite unable to 
found a colony unaided, enters a colony of F. schaufussi var. incerta 
and is adopted with surprising facility. The queen of the latter spe- 
cies disappears, in some manner hitherto unknown, and the consocians 
brood is reared by the incerta workers, which, after functioning as 
nurses, gradually die off and leave a pure consocians colony thenceforth 
able to wax large and lead an independent and aggressive existence. 
This interesting type of parasitism occurs in most, if not all, Formice 
of the exsecta and rufa groups, both in America and in Europe, in a 
Myrmicine ant, Aphenogaster tennesseensis (parasitic on A. fulva) 
and in a Dolichoderine ant, Bothriomyrmex meridionalis (parasitic on 
Tapinoma erraticum). The females of these parasitic species tend 
to become greatly reduced in size (F. difficilis and several allied spe- 
cies: F. dakotensis, microgyna, impexa, nepticula, suecica, etc.) or at 
any rate to become smaller than the queens of their host species (F. 
truncicola, wasmannt, oreas, ciliata, crinita, pressilabris, etc.). This 
is clearly an adaptation to a mode of life for which an endowment of 
fat and vigorous muscle is not needed, since these various queens do 
not have to starve for weeks or even months while bringing up a brood 








*“ A New Type of Social Parasitism Among Ants,” Bull. Am. Mus. Nat. 
Hist., XX., 1904, pp. 347-375. 
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of workers, as in the case of most ants. Santschi has recently made 
the illuminating discovery that the queen Bothriomyrmez, after entering 
the nest of Tapinoma, actually decapitates the queen of the host species 
and is adopted in her stead. In the other cases the disappearance of 
the host queen has not been accounted for. In the case of F. incerta 
it is conceivable that she may be ejected from the colony or be killed 
by her own workers as in the colonies of the Algerian Monomorium 
salamonis infested with Wheeleriella, a case to be considered presently. 
For the consocians type of social parasitism Santschi* has suggested the 
name “tutelary” parasitism, because the young of this species are 
reared by workers older than the parasitic queen. 

2. Slavery, or Dulosis.—In this case, as I have shown for the Amer- 
ican F. sanguinea,’ the female enters a Formica colony belonging to 
some variety of the F. fusca or schaufussi group, kills or puts to flight 
the workers that attack her and hastily appropriates a number of worker 
larve or cocoons. These she carefully guards till they hatch, when 
she is surrounded by a loyal brood—of an alien species, to be sure, 
but nevertheless both able and inclined to bring up her brood when it 
appears. This is “pupillary” parasitism, to use Santschi’s term, since 
the nurses, or host ants, are younger than the parasitic queen. In this 
case the queen of the host species is probably put to flight at the time 
the sanguinea queen enters the nest. Polyergus rufescens colonies are, 
perhaps, founded in the same manner, but unequivocal observations on 
the queens of this species are still lacking. Not only is slavery, at 
least as manifested in sanguinea, distinguished from the other forms 
of social parasitism by the aggressive behavior of the queen, but also 
by a peculiarity of her own workers. These inherit from their mother 
the instinct to enter nests of the host species, and appropriate the 
young, but these queen instincts are intimately associated with the 
feeding instincts of the workers, as the latter forage in companies like 
so many nondulotic ants and consume many of the captured pupe. 
Hence the futility of all attempts, like those of Darwin and Wasmann, 
to understand slavery from a study of the behavior of the workers alone. 

Wasmann” and Santschi believe that slavery has arisen from tem- 
porary parasitism, but although I myself first advanced this opinion, 
I have been compelled to abandon it. Wasmann found that a colony of 
Formica truncicola, which he has shown to be a temporary social para- 





*“ A Propos des Meurs Parasitiques Temporaires des Fourmis du Genre 
Bothriomyrmex,” Ann. Soc. Entom. France, 1906, pp. 363-392. 

*“On the Founding of Colonies by Queen Ants, with Special Reference to 
the Parasitic and Slave-making Species,” Bull. Am. Mus. Nat. Hist., XXIL., 
1906, pp. 33-105, pls. VIII.-XIV. 

*“Ursprung und Entwickelung der Sklaverei bei den Ameisen,” Biol. 
Centralbl., XXV., 1905, pp. 117-127, 129-144, 161-169, 193-216, 256-270, 
273-292. 
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site in all essential respects like F. consocians, would accept and rear 
fusca pupe placed in the nest. This, however, is not dulosis. In order 
to establish his case he would have to prove that the truncicola workers 
can also make periodical forays on fusca for the sake of capturing their 
young, and there is no more evidence that truncicola can do this than 
there is of similar behavior on the part of consocians. Sanitschi, if I 
understand him correctly, believes that the sanguinea colony restricts 
its forays to the scattered fragments of the original fusca colony from 
which the queen secured her first supply of guxiliaries, and that the 
slave-making expeditions cease when these fragments are exhausted. 
This assumption seems to explain the fact that old sanguinea colonies 
are sometimes slaveless and pure, like the adult colonies of consocians, 
truncicola, etc. It is, however, rendered highly improbable by the fact 
that both in Europe and in North America sanguinea colonies not in- 
frequently contain slaves of two or more different species or varieties. 
There is also some evidence that the same colony may have slaves of 
different species at different times. Professor Forel recently showed 
me near Morges, Switzerland, a colony of Polyergus which in 1904 
contained only F. rufibarbis, but during the current year contained only 
F. glebaria. The similarity between old sanguinea colonies and adult 
colonies of temporary parasites like F. consocians, is more probably 
the result of two very different processes: in the former case of a 
languishing or lapsing of the slave-making instincts with age, in the 
latter, as I have shown, of a gradual extinction of the tutelary workers. 

3. Permanent Social Parasitism.—This occurs in the following rare 
and monotypic Myrmicine ants: the European Anergates atratulus, 
parasitic on T'etramorium cespitum, the Tunisian Wheeleriella sant- 
schu, parasitic on Monomorium salomonis, the North American Epecus 
pergandet (on Monomorium minutum var. minimum), Sympheidole 
elecebra (on Pheidole ceres) and Epipheidole inquilina (on Ph. pilifera 
coloradensis). All these parasites are unique among ants in lacking a 
worker caste, so that they are compelled to live permanently with their 
respective host species. Santschi™ has recently shown that the just- 
fecundated queen of Wheeleriella enters a Monomorium colony and is 
adopted by the workers, which then actually proceed to kill their own 
queen. The same conditions probably obtain also in the other cases, 
as the parasitic queens are too feeble to assassinate the host queen after 
the manner of Bothriomyrmez. In Anergates the degeneration of the 
species as a result of permanent parasitism is extreme: the male is 
reduced to an apterous, pale and anemic, sluggish, pupa-like creature 
which mates in the maternal nest with its own sisters (adelphogamy), 





™ Forel, “ Mceurs des Fourmis Parasites des Genres Wheeleria et Bothri- 
omyrmex,” Rev. Suisse Zool., XIV., 1906, pp. 51-69; “ Nova Speco Kaj Nova 
Gentonomo de Formikoj,” Internacia Scienca Revus, 4° Jars, 1907, pp. 144, 145. 
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as Forel has shown, and as I was able to observe during the past June 
in a large Anergates-Tetramorium colony at Vaux, Switzerland. This 
colony contained upwards of 1,000 winged female Anergates and sev- 
eral hundred males. Many of the former, placed on the craters of 
strange T'etramorium nests, entered these at once. The T'etramorium 
workers never killed these females, though they often seized them, 
carried them some distance from the nest and cast them away. The 
males, too, were not killed, although they were more forcibly and imme- 
diately ejected. This behavior is very suggestive, for T’etramorium 
workers when placed on the craters of strange colonies of their own 
species are at once pounced upon and killed. 

It is not improbable that all three of these derivative types, namely, 
temporary, permanent and dulotic parasitism, have developed inde- 
pendently out of the primitive adoptive type of colony formation, al- 
though the details of this development are still very obscure. I have 
already given my reasons for believing that slavery did not arise directly 
from temporary parasitism. Owing to the excessive specialization of 
the permanent parasites and the loss of the worker caste among these 
species, it is not so easy to determine whether they have arisen from 
temporarily parasitic or from dulotic species, for it is conceivable that 
they may have arisen from either, especially as there are other ants, 
such as Strongylognathus and Tomognathus, which combine peculiari- 
ties of both of these categories. The species of Strongylognathus are 
peculiar to the palearctic fauna and, like Anergates, live with colonies 
of the extremely abundant and ubiquitous Tetramorium cespitum. 
The workers and females have sickle-shaped mandibles like Polyergus. 
Two species, S. rehbsnderi and S. huberi, as Forel has shown, still pos- 
sess vestiges of slave-making instincts. In 8S. testaceus, however, which 
is the common European form, the workers are greatly reduced in 
number, showing, as Forel has suggested, that this caste is on the eve 
of disappearing completely and thus leading to conditions like those 
of Anergates and the other permanent parasites. Wasmann once found 
a S. testaceus-Tetramorium colony containing fertile females of both 
species, and during the past June Professor Forel and I found a sim- 
ilar colony on the Petit Saléve, near Geneva. This colony contained 
a fertile Tetramorium queen. The much smaller Strongylognathus 
queen could not be found, but must have been present, as there were 
young pupe of this species in the nest. It is evident in this case, there- 
fore, that the parasitic and host queens manage to live side by side 
(allometrobiosis of Forel). This condition arose, perhaps, from slavery 
or temporary parasitism by a suppression on the part of the Strongylo- 
gnathus queen of the instinct to kill or drive away the Tetramorium 
queen. 

The genus Tomognathus is represented in northern Europe by T. 
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sublevis (parasitic on Leptothoraz acervorum) and in North America 
by T. americanus (parasitic on L. curvispinosus). The former was 
supposed by Adlerz** to have only ergatoid, or worker-like females, but 
Viehmeyer™® has recently found winged females as well, and I had 
previously shown that such individuals exist in our American form. 
The workers of both species resemble those of Polyergus and Strongylo- 
gnathus in having blunted or obsolete domestic instincts. Adlerz’s 
observations seem to indicate that the European Tomognathus may 
be dulotic, but they do not altogether preclude the possibility of per- 
manent parasitism. As there are no observations on the behavior of 
the recently fecundated queens, it is impossible to decide whether the 
form of symbiosis exhibited by these ants arose from dulosis or from 
temporary parasitism or merely from a condition of xenobiosis like 
that of the North American Leptothorax emersoni or the European 
Formicozenus nitidulus.** 

The accompanying diagram will serve to illustrate the phylogenetic 
relationships of the different types of colony formation among ants as 
formulated in the preceding paragraphs. 

The foregoing discussion shows very clearly that a rational ex- 
planation of slavery among ants can be found only by recognizing the 
phenomenon as a form of parasitism. This conclusion is indeed forced 
upon us by a comparative study of the various allied forms of social 
symbiosis, of the ontogeny of the ant-colony, that is, of the way in 
which it is started and develops, and by a study of the instincts of the 
queen. We myrmecologists seem to have been hampered in reaching this 
conclusion by a knowledge of the habits of the queen honey-bee. This 
insect is peculiar in being permanently and exclusively in the adoptive 





2“ Myrmekologiska Studier—III., Tomognathus sublevis Mayr.,” Bih. 
Svensk, Vet. Akad. Handl., XXI., Afi. 4, 1896, 77 pp., 1 taf. 

%“ Beitriige zur Ameisenfauna des Kénigreiches Sachsen,” Abhandl. natur- 
wiss. Gesell. Isis, Dresden, 1906, Heft II., pp. 55-69, Taf. ITT. 

*Since the manuscript of this article was sent to press I have received 
from my friend, Mr. H. Viehmeyer, of Dresden, an interesting communication, 
in which he describes his experiments with a number of naturally dealated 
and therefore presumably fecundated queens of Tomognathus sublevis, Formica 
sanguinea, Polyergus rufescens and F. truncicola. These queens were intro- 
duced into strange colonies belonging to the normal hosts of their respective 
species. The results obtained with F. sanguinea and truncicola fully confirmed 
my observations on the American sanguinea and consocians. The queens of the 
typical European Polyergus rufescens were much more passive than those of 
the American subspecies lucidus, used in my experiments, and were adopted on 
the second or third day by the slave species F. rufibarbis, but not by F. fusca 
till a much longer period had elapsed. An ergatoid Tomognathus queen placed 
in a colony of Leptothoraxy acervorum “ presented the same picture as san- 
guinea, The Leptothoraw fled with their larve and then attacked the queen. 


During the course of the day, however, the latter managed to kill all of the 
Leptothoraz.” 
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or dependent stage, that is, she is unable to found a colony or even to 
exist apart from workers of her own species. And as the queen ant passes 
most of her life in similar dependence on her workers, namely, after 
establishing her colony, the earlier and more characteristic manifesta- 
tions of her instincts and her marvelous initiative and plasticity were 
either disregarded or deemed to be of little importance. Attention was 
concentrated on the worker slave-makers whose activities represent a 
combination of queen and worker instincts. Darwin was thus led to 
derive the slave-making from the foraging instincts, and Wasmann— 
well Wasmann could only keep repeating or implying that the slave- 
making ants made slaves, because they were endowed with a slave- 
making instinct—a fine modern example of Moliére’s famous opium 
fallacy and of the resources of scholastic methods in zoology! Was- 
mann supposed that F’. sanguinea is possessed of an extraordinary 
fondness for educating the young of the alien fusca. This was quite 
incomprehensible, especially as sanguinea workers are in no respect 
degenerate or dependent on their auxiliaries. Since I have examined 
many colonies of the European sanguinea, which, as a rule, rears much 
fewer auxiliaries than our American forms of the same species, Was- 
mann’s assumption seems to me to be preposterous. After the habits of 
our temporary parasites and especially after the behavior of the young 
sanguinea queens had been studied, the relations of the dulotic species to 
particular hosts were easily understood, for the young queens are reared 
by workers of a particular host species (fusca or schaufussi or some of 
their varieties) or at any rate meet them frequently in the parental 
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nest. What is more natural, therefore, than that the queens, when 
ready to establish their colonies, should seek out the nests of these 
same species? The sanguinea workers, too, are reared by auxiliaries 
of the same species, so that we are not surprised to find that it is against 
colonies of these that the dulotic expeditions are directed. The ab- 
sence of any tendency on the part of the sanguinea to rear or adopt the 
males and females of the host species may be due merely to a lack of 
familiarity of the slave-makers with these sexual forms, which in all 
probability are characterized by a peculiar odor unlike that of the co- 
specific workers. 

Thus is dissipated much of the mystery with which the subject of 
slavery has been invested, and the phenomenon becomes intelligible as 
a form of parasitism in which the slaves are really the host. The 
dulotic ants differ from the temporary and permanent parasites not 
only in the peculiarity of the worker instincts, but also as representing 
parasites with a synthetic host. In other words, the workers, when 
they snatch the larve and pup from different nests of one or more 
varieties of F. fusca or schaufussi, are actually constructing a unitary 
colony out of fragments of several colonies of the host species. This 
peculiarity, as I have shown, arises from the inheritance of female 
instincts by the workers and a fusion of these with the foraging in- 
stincts which the worker slave-makers share with this caste in many 
other Formicide. Santschi expresses a similar opinion when he says: 
“Tn fine, slavery reduces itself to a form of pupillary parasitism that 
perpetuates and extends itself beyond the confines of the nest.” His 
distinction of tutelary and pupillary parasitism is useful, as it calls 
attention to a more active and a more passive form of this phenomenon, 
but the distinction should not be overworked. Although the tutelary 
form would seem to lead more readily to permanent social parasitism 
with all its attendant degenerative characters, we must remember that 
Polyergus, though very passive in the hands of its slaves, is extremely 
aggressive when plundering the nests of the host species, whereas spe- 
cies like F'. consocians and truncicola, though very passive in the earliest 
stages of colony formation, are very aggressive as soon as their colonies 
have emancipated themselves from the host species. The pupillary 
and tutelary types are, moreover, already foreshadowed as consecutive 
ontogenetic stages in the behavior of most ant-queens, for the inde- 
pendent stage in colony formation is pupillary, whereas the closing 
years of the queen’s life are passed in a condition of tutelary parasitism 
on her own offspring and species. 








560 POPULAR SCIENCE MONTHLY 


A TRIP AROUND ICELAND. 


By L. P. GRATACAP 


AMERICAN MUSEUM OF NATURAL HISTORY 


III 


BYKJAVIK was reached; the capital of Iceland, that first old 
landfall for the anxious vikings, who found that when they 
threw over their Lares and Penates those undiscerning deities floated 
ashore upon this inauspicious coast. The choice has a certain pictorial 
value, but for commercial purposes those old gods should have exer- 
cised more discretion, and commercial interests are beginning to weigh 
overpoweringly in this arctic metropolis. To the immediate north the 
snow-crowned Esja shines, to the southeast the sturdy eminences of the 
Lénguhlitharfiall swim upward over the horizon; and still farther 
south the volcanic peaks of Krisuvik, where the sulphur quarries are. 
Then to the northwest like a titanic gleaming gem Snaefells with its 
ice mantle draws to its overmastering beauty every eye. But this in 
clear weather, and clear weather is not a very plentiful article in Ice- 
land. In bad weather, which is a trifle more common, the steamers 
may keep their imprisoned passengers for four days before they can 
land. The harbor is called so by a pleasant boreal fiction, which is 
not creditable to Icelandic hospitality. It is expected that next year 
an appropriation of some $400,000 will be granted permitting Mr. 
Smith, the. official harbor surveyor of Norway, to execute his accepted 
plans for improving these inclement conditions. 
The town of Reykjavik contains about ten thousand inhabitants. 
It has doubled its size in five years. Stores have developed, and the 
caravans from the interior can return home laden with the furnishings 
of a modern household, not omitting wall paintings and bath-tubs. 
It is scattered over a hilly surface with its more pretentious buildings 
displayed near the water front and around the square where the statue 
of Thorwaldsen faces the Althing (Parliament) house. The buildings 
are of wood (all brought from Denmark, Norway or Scotland), fre- 
quently sheathed with corrugated iron, with foundations, in many 
cases, of concrete blocks. Coals from Scotland are shipped here in 
great quantities, and the houses are thus provided with comfortable 
heating equipments. Some of the houses are also stuccoed. At 
times there is an architectural elaboration noted, but the houses are 
usually plain and serviceable. Two bank buildings of concrete blocks 
(the manufacture of these blocks is carried on in Reykjavik) gave its 
business street a very substantial expression, and two hotels continued 
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ANSTUR ST., REYKJAVIK. 


the agreeable impression that Reykjavik was becoming popuiar. 
Photographers are kept busy flattering the vanity of its handsome sons 
and fair daughters; book-stores supply you with literature of all ages, 
from “Uncle Tom’s Cabin” to the last verses of Thorsteinson; a 
publi¢ library of seventy thousand volumes (in which the Bulletin of 
the American Museum of Natural History may be found) will furnish 
the visitor with undreamed-of learning, and a cathedral with an organ, 
a bishop and a choir will save his feet from erring on Sunday; while 
his incredulous eyes will be sh~~.n a public school, a Latin school, a 
ladies’ seminary and a literary club. The last touches of modernity 
are ‘given in a theater and a jail. Surely those long winter nights, 
which scarcely leave any day at all, must approach, in the autumn 
months, shorn of some of their worst terrors. And then there is the 
coffee house, where coffee, only excelled in Arabia, can be obtained, 
and languidly sipped to the accompaniment of popular songs on the 
piano, or in the companionship of garrulous friends. And there is the 
chess club, which meets on Athalstraeti ! 

There are two museums in Reykjavik: one a museum of natural 
history (open one hour a week) and a museum of antiquities—the 
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THE OXalA Foss, THINGVALLIR. 


latter over the bank. Both contain admirable specimens and both, it 
is projected, will be housed with the library in a new public building, 
where room will be provided ample enough to make these three “ foun- 
dations ” an ornament to the city. 

The museum of antiquities has unquestionable importance. Here 
are very old altar pieces (Christianity was introduced into Iceland in 
1000), old vestments and church paintings, with strange archaic 
buckles, girdles of brass, silver and gold, rugs, carved boxes, old cab- 
inets, swords (many of them strips of iron rust), poignards, stone 
pestles and mortars, saddles, bits and bridles, lamps and chairs. 

The crowning group of objects is a collection of most curious hand 
mangles, or rollers, for linen fabrics. These “rullur” are made of 
wood and most elaborately carved, having one uniform form but differ- 
ing in size and in ornamentation. Some, two and a half feet long, 
are covered from end to end with carvings, not grotesque, but simple, 
and rudely or quaintly symbolic and decorative. Glyptic skill has 
been characteristic in Iceland. I saw some excellent modern examples 
in snuff horns made from ivory, with carved motifs taken from the Ice- 
landic mythology. It seems probable that this ability prevailed more 
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ALMANNAJA WALL AND Roap. 


in the past than to-day, and may have developed as a recreative feature 
in the long periods of isolation and idleness. Examples of this old 
art are difficult to get, and high prices are paid for authentic specimens. 

I obtained an antique lamp, in hammered brass from Olafur 
Sveinsson, the goldsmith and jeweler (5 Austur St., Reykjavik), who 
deals in every variety of Icelandic curiosities, including belts, brooches, 
head-dresses, mantles, snuff boxes, bed boards, buttons, bracelets, drink- 
ing horns, etc. I paid about four dollars for my little fish-oil lamp 
and prize it greatly. 

From Reykjavik the excursions into the interior are most usually 
made, though, as I described in a former number, they may begin from 
the east or northern ports. But the guides and ponies come from 
Reykjavik and are sent overland. The preparations for a long sojourn 
in the interior are formidable, especially when the trip contemplated is 
beyond the zone of habitation and brings the traveller into the tenant- 
less tracts of the middle island. I had no such ambitions or expensive 
schemes to consider. The ponies represent the vehicle of transport, 
and none to the accomplished rider could be more acceptable. Their 
endurance is phenomenal. ‘Two are allotted to each rider, in order to 
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ALMANNAJA, ASCENDING ROAD BETWEEN WALLS. 


change animals. Halts are frequent, where the ponies are considerately 
treated, and where pasturage is attractive. The ponies feed a little, 
are remounted, and the journey is continued. Pack ponies carry 
provisions, clothing and outfit. The guides are unusually intelligent 
men, many of them teachers during the winter, and are resolute, 
capable, resourceful and safe. They speak English and can thread 
the devious trails with certainty. In many instances local guides are 
necessary, as in the crossing of the more difficult rivers. 

At last my arrangements were completed, and, with some hastily 
and not very discerningly purchased “ canned goods” (they were Eng- 
lish and Danish preparations), and some oil-skin clothes and a pair 
of loaned water-tight boots, my small cavalcade of fine ponies departed 
for Thingvallir, up Austur street, bound for the distant Gullfoss. As 
a most unpractised horseman, I had felt apprehensive about my ap- 
pearance on one of these jogging ponies, and from the ill-concealed 
mirth amongst the old women on their way to the public laundry on the 
outskirts of the town, my worst suspicions were justified. On my 
return to Reykjavik eight days later, I feel no compunctions in stating, 
I was unnoticed, an excellent testimonial to my improved horseman- 
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CAIRNS, TO MARK PATHS IN THE WiNTER SNOWS. 


ship. The easy and instantaneous control over these active animals by 
the Icelander is admirable. They are all excellent riders, and with 
bare back or saddle and stirrups shoot over rock-strewn fields with 
confidence. These ponies are most gregarious and mine would whinny 
dismally when left far behind by my precipitate companion. 

The road to Thingvallir from Reykjavik is excellent, and in places 
is receiving reinforcement by stone blocks and gutters. It runs for 
twenty-eight miles (seven Danish miles) and can be used by bicycles 
and vehicles. ‘Traveling in Iceland is slowly undergoing helpful trans- 
formations: the discomforts and, in a measure, the perils diminish 
with the introduction of roads and bridges though this need not dis- 
courage any one who is looking for adventure. The jékulls will cer- 
tainly repel coercion, and many of the rivers at their periods of trans- 
porting rage throw off the yoke of bridges. Let the young men, who 
wish adventure and exposure, suffer from no qualms of disappointment 
over the disappearance of either from Iceland. 

The region first encountered was a hummocky moorland with stony 
tracts and distant encircling mountain ranges. It grew rapidly more 
wild and interesting. We reviewed a rolling country with distant hills, 
near-by vales and valleys, and breezy brows of rising land—an austere, 
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THE ALMANNAJA. 


lonely country, full of light, and swept over by cold winds. Then out 
again we galloped over more spacious areas with intermediate black 
scoriaceous hills, and here and there in green valleys a farm house. 
There were lakes and morassy heavily-bedded depressions about us with 
stony sheets of rubble and wind-swept acres of upland, in which we 
saw grouse and plover, the latter in numbers. An occasional raven 
croaked ominously, or protesting curlews whistled at our feet. There 
wert. many verdant spots and many more barren ones with the distant 
snow-covered ranges always in sight. ‘The Thingvallir plain is a 
remarkably undulating or rather abruptly hilly amphitheater with a 
rising and falling road. 

At last, after a passage across a breezy divide, we came in sight 
of the great vain or lake of Thingvallir. From this point on the 
journey gained more and more in interest, and crossing dried-up or 
running stream-beds, and under high banks, with the mountains, 
beyond the lake, looming up with peaked summits and snow-gullies, 
with the occasional appearance of a green oasis about some farmhouse, 
we drew nearer and nearer to our destination, I with great relief, by 
reason of a badly bruised and suffering body. 

The little red-roofed church, distinguished far off amongst its 
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CHASM AT THE LOGBERG., 


gray and green fields, was seen close at hand, the road began a descent, 
and, in an instant, the portentous gateway of the Almannaja, like an 
Egyptian facade loomed gloomily in our path. We moved slowly— 
awed into temporary silence—down the gradually sloping road between 
the frowning walls, over a bridge spanning a brawling torrent by a 
clear, deep pool, and before us, on a ragged plain, which held a 
fortuitous sort of herbage, fighting its way against the discourage- 
ments of a stony soil, was the Walhalla Hotel. To me, at least, it 
assumed all the radiance of that mythical paradise. 

The next day was brilliantly clear, and we studied our locality. It 
presented a wonderful geological phenomenon. It was a broad valley 
of depression, between mountains, rifted by long parallel chasms, which 
crossed it in the direction of its longer diameter, and which were 
easily descried from a considerable distance, by the furrows they pre- 
sented in the landscape, by reason of the unequal elevation of their 
bounding walls. There were some eight of these remarkable fissures— 
the sundered seams in one vast flooring of erupted rock—and many 
of them, as that one in which the ancient Logberg stood, contained 
softly flowing streams of water. 














WILBUR OTIS ATWATER, 


Late Professor of Chemistry in Wesleyan University, who attained eminence for his inves- 
tigations in metamerism and with the respiration calorimeter. 
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THE RISE IN PRICES AND THE 
SALARIES OF SCIENTIFIC MEN 


Tue extraordinary rise in prices 
which has occurred in the course of 
the past ten years—amounting to about 
fifty per cent. according to the index 
numbers of the Economist—is a seri- 
ous matter for those who are depend- 





gold. The world’s production of gold 
in 1896 amounted to 202 million dol- 
lars, in 1906 to 400 million dollars, or 
almost double. Unlike the wheat crop, 
the annual output of gold is not con- 
sumed, and the supply is probably in- 
creasing more rapidly than industry 


} and commerce, while at the same time 


ent on fixed salaries, as is the case 


with most scientific men. It is also 
an obstacle in the way of the advance 
of science. Those who should be en- 
gaged in scientific research may be 
compelled to give part of their time to 
securing the incomes that are needed ; 
some may be diverted altogether from 
the scientific career, while others may 
hesitate to enter it. There has always 
been a kind of panmixia among scien- 
tific workers, a lack of severe selection 
of the most fit. The number of those 
in this country who have undertaken 
scientific work does not considerably 
exceed five thousand, and those who do 
not prove competent to do work of 
value are likely to retain their posi- 
tions in institutions of learning or in 
the government service. Should there 
be a negative natural selection drawing 
the ablest men away from a scientific 
career, it would be a serious matter, 
the future of our civilization depending 
largely on the comparatively small 
group of scientific men. 

It is a curious fact that it is largely 
scientific discovery that has lessened 
the incomes of scientific men. Prices 
depend on all sorts of conditions, psy- 
chological as well as material, but in 
the end they are determined by the 
value of gold and the value of gold 
depends on the cost of production. The 
cyanide process and other advances in 
metallurgy, mining and geology, as well 
as the discovery of new fields, have 
greatly lessened the cost of producing 


relatively greater use is made of gov- 
ernment notes and bank checks. The 
decreased cost of producing gold tends 


| to make all prices higher, and wages 
|} and debts are payable in value less 





than had been agreed. If the cost of 
production and the demand for gold 
should remain constant, there would 
be an adjustment of the supply; and 
prices and wages would remain con- 
stant on a higher level. But wages 
reach this level more slowly than most 
prices, and scientific men and others 
with fixed salaries suffer. As a matter 
of fact, both the production of gold and 
the demand for it will remain subject 
to great fluctuation, and it seems un- 
fortunate that we can not adopt a more 
constant standard of value, such as 
would be obtained..by averaging to- 


| gether all staple commodities produced 


in a series of years, and letting the 
government issue paper currency pay- 
able in these commodities and secured 
by the property of the nation. 


THE MARIA MITCHELL 
MEMORIAL 

Maria MITCHELL, professor of as- 
tronomy at Vassar College from 1865 
to 1888, a leader in her science, in the 
higher education of women and in the 
movement extending the independence 
of women, was born in Nantucket in 
1818, and was buried there in 1889. 
The Nantucket Maria Mitchell Asso- 
ciation, organized in 1902 purchased 
at that time Miss Mitchell’s birth- 
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place. The building has been fitted up 
as a center of scientific interest for the 
community, classes in astronomy being 
there conducted under the general di- 
rection of Miss Cannon, of the Harvard 
Observatory. This summer Professor 
Mary W. Whitney, a student of Maria 
Mitchell and her successor at the Vas- 
sar Observatory, spent a week at Nan- 
tucket, where she gave lectures and 
informal talks on Maria Mitchell and 
recent work in astronomy. It is in- 
tended to use the building for natural 
history as well as astronomy. 

In March of the present year a five- 
inch equatorial telescope, made by 
Alvan Clark and formerly owned by 
Miss Mitchell, was given to the asso- 
ciation, and it is proposed to build an 
observatory that will properly house 
the telescope in a fire-proof building. 
Efforts to complete this building, to 
enlarge the equipment and to maintain 
the work are being made, and those 
who are interested in the work of 
Maria Mitchell or in a scientific insti- 
tution such as is planned for Nan- 
tucket are invited to join the associa- 
tion, which they can do by paying one 
dollar annually or ten dollars as a 
life member. 


SCIENTIFIC ITEMS 


WE record with regret the death of 
Professor Lucien M. Underwood, head 
of the department of botany of Co- 
lumbia University; of Dr. Edward 
Gardiner, of the Marine Biological 
Laboratory; of M. Maurice Loewy, di- 
rector of the Paris Observatory, and 
of Mr. Howard Saunders, the British 
ornithologist. 


A MEMORIAL meeting in honor of the 
late James Carroll was held by the 
Johns Hopkins Hospital Historical 
Club on October 14. Addresses were 
delivered by Drs. William H. Welch. 
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Howard A. Kelly and William §, 
Thayer.—The Geographical Society of 
Philadelphia will hold a meeting on 
November 6, in memory of the late 
Angelo Heilprin, founder of the society. 
—Friends of the late Walter Frank 
Raphael Weldon, formerly Linacre pro- 
fessor of comparative anatomy at Ox- 
ford, have offered the university a sum 
of about £1,000 for the foundation of 
a prize, with a view to perpetuate the 
memory of Professor Weldon and to 
encourage biometric science. 


THE Royal Society has this year 
awarded its Davy medal to Dr. E. W. 
Morley, emeritus professor of chem- 
istry, Western Reserve University, and 
its Copley medal to Dr. A. A. Michel- 
son, professor of physics, the Univer- 
sity of Chicago.——Dr. Richard Wett- 
stein, Ritter von Westerheim, professor 
of systematic botany at Vienna, has 
been elected president of the Associa- 
tion of German Men of Science and 
Physicians for the meeting to be held 
next year at Cologne. 


THe American Association for the 
Advancement of Science meets at the 
University of Chicago during convoca- 
tion week, which this year begins on 
December 30. Together with the Am- 
erican Association meet the Society of 
American Naturalists and the special 
societies devoted to anthropology, bot- 
any, chemistry, mathematics, physiol- 
ogy, anatomy, psychology, geography 
and entomology. It is to be hoped that 
all who are able will plan to attend this 
meeting—not only professional men of 
science, but also readers of this journal 
who are interested in the progress of 
science. At the New York meeting last 
year, there were about 2,000 scientific 
men in attendance, and there is every 


‘reason to believe that the Chicago 


meeting will be equally important. 








INDEX 





INDEX. 


NAMES OF CONTRIBUTORS ARE PRINTED IN SMALL CAPITALS 


Acassiz, G. R., Mars as seen in the 
Lowell Refractor, 275 

Agassiz, What we owe to, Burt G. 
Witper, 5; Jean Louis Rudolphe 
Agassiz, Epwarp S. Morse, 542 

Age, Growth and Death, the Problem 
of, CHARLES S. Minot, 97, 193, 359, 
455, 509 

American, Philosophical Society and 
Benjamin Franklin, 92; Girls, Health 
of, NELLIE CoMMINS WHITAKER, 234 

ANDERSON, Rospert, The Great Jap- 
anese Volcano Aso, 29 

Ants, the Origin of Slavery among, 
WILLIAM Morton WHEELER, 550 

Appalachian Mountains, South, The 
Heart of the, SPENCER TROTTER, 149 

Argyle, the Duke of, 189 

Asiatic Museums, Notes on, BASHFORD 
Dean, 481 

Aso, the Great Japanese Volcano, Ros- 
ERT ANDERSON, 29 


Balsam Peaks—the Heart of the South 
Appalachian Mountains, SPENCER 
TROTTER, 149 

Benjamin Franklin and the American 
Philosophical Society, 92 

Bicentenary of the Birth of Linneus, 
Celebration by the New York Acad- 
emy of Sciences, 94 

Botton, FrRepEeRIcK E., Some Ethical 
Aspects of Mental Economy, 246 

Bonp, FrREDERIC Drew, Poe as an Evo- 
lutionist, 267 

British Association for the Advance- 
ment of Science, Address of the 
President of the Engineering Sec- 
tion, Syitvanus P. THompson, 337 

Brown, Ropert MARSHALL, Recent 


Legislation on the Mississippi River, | Eugenics, Probability the Foundation 


131 





Byers, CHARLES ALMA, Control of the | 


Colorado iver regained, 50 


Carnegie Foundation, Retiring Allow- 


ances of, and the State Universities, | 


95 

CHAMBERLAIN, ALEXANDER F., Recent 
Views of the Origin of the Greek 
Temple, 448 


Children, School, the Sacrifice of the | 


‘Eyes of, Watter D. Scort, 303 
Chinaman and the Foreign Devils, 





CHARLES BrRapForpD Hupson, 258 

CHITTENDEN, RusseLzi H., The Influ- 
ence of Diet on Endurance and Gen- 
eral Efficiency, 536 

CLELAND, HeERpDMAN F., Some Little- 
known Mexican Volcanoes, 179 

COCcKERELL, T. D. A., and F. B. R. 
HELLEMS, A Scientific Comedy of 
Errors, 217 

Colorado River, Control 
CHARLES ALMA Byers, 50 

Conscience, The Physical, Reawakening 
of the, RicnHarp Cote Newton, 156 


regained, 


DEAN, Basurorp, Notes on 
Museums, 481 

Death, Age, Growth and, the Problem 
of, CHARLES 8. Minor, 97, 193, 359, 
455, 509 

DeELAND, FRED, Notes on the Develop- 
ment of Telephone Service, 21, 139, 
226, 313, 433 

Diet, the Influence of, on Endurance 
and General Efficiency, Russert H. 
CHITTENDEN, 536 


Asiatic 


EASTMAN, CHARLES R., Illustrations of 
Medieval Earth-science, 84 

Elements, Transmutation of, and Ra- 
dium Emanation, 287 

Endurance and General Efficiency, the 
Influence of Diet on, Russert H. 
CHITTENDEN, 536 

Engineering Section of the British As- 
sociation, Address cf the President, 
Sytvanus P. THompson, 337 

Errors, Scientific Comedy of, T. D. A. 
CocKERELL and F. B. R. HELLeMs, 
217 

Ethical Aspects of Mental Economy, 
FREDERICK E. Boiton, 246 


of, Francis GALTON, 165; National, 
The Scope and Importance to the 
State of the Science of, Kart PrEar- 
son, 385 

Evolutionist, Poe 
Drew Bonp, 267 

Eyes of School Children, Sacrifice of, 
WALTER D. Scorr, 303 


as an, FREDERIC 


Fertility and Genius, CHARLES KAssEL, 
452 

Foreign Devils, the Chinaman and, 
CHARLES Braprorp Hupson, 258 





574 








France, The Institute of, and Some 
Learned Societies of Paris, Epwarp 
F, WILLIAMS, 439 


GALTON, Francis, Probability the 
Foundation of kugenics, 165 

Girls, American, Health of, NELLIE 
CoMMINS WHITAKER, 234 

GratacaP, L. P., A Trip around Ice- 
land, 289, 420, 560 

Greek Temple, Recent Views of the 
Origin of the, ALEXANDER F. CHAM- 
BERLAIN, 448 

Grecory, Wirt1am K., The Place of 
Linneus in the Unfolding of Science, 
121 

Growth, Age and Death, the Problem 
of, CHARLES S. MINoT, 97, 193, 359, 
455, 509 


Health of American Girls, NELLIE 
CoMMINS WHITAKER, 234 

Hettems, F. B. R., and T. D. A. Cock- 
ERELL, A Scientific Comedy of Er- 
rors, 217 

Helmholtz, Hermann von, 283 

History of Science, The Place of Lin- 
neus in the, ArtHUR O. LovEJoy, 
498 

Hupson, CHARLES Braprorp, The 
Chinaman and the Foreign Devils, 
258 

Hygiene, The Newer, WILFRED H. Man- 
WARING, 66 


Iceland, A Trip around, L. P. Grata- 
caP, 289, 420, 560 


Illustrations of Medieval Earth-science, | 


CuaRLes R. EastTMAN, 84 


POPULAR SCIENCE MONTHLY 









LovEJoy, ARTHUR O., The Place of Lin- 
neus in the History of Science, 498 

Lowell Refractor, Mars as seen in the, 
G. R. AGassiz, 275 


Man, Forms of Selection with reference 
to their Application to Man, G. P, 
WATKINS, 69 

MANWARING, WILFRED H., The Newer 
Hygiene, 66 

Mars as seen in the Lowell Ret-actor, 
G. R. AGassiz, 275 

Medieval Earth-science, Illustrations 
of, CHARLES R. EASTMAN, 84 

Mental Economy, Ethical Aspects of, 
FREDERICK E. Botton, 246 

Mexican Volcanoes, Some Little-known, 
HERDMAN F.. CLELAND, 179 

Minot, CHARLES §S., The Problem of 
Age, Growth and Death, 97, 193, 359, 
455, 509 

Mississippi River, Recent Legislation 
on the, Ropert MARSHALL Brown, 
131 

Mitchell, Maria,. Memorial, 569 

Morse, Epwarp §&., Jean Louis Ru- 
dolphe Agassiz, 542 

Mortality Statistics, 475 

Mountains, South Appalachian, The 
Balsam Peaks, SPENCER TROTTER, 149 

Museums, Asiatic, Notes on, BASHFoRD 
DEAN, 481 


National, Observatory, Early Move- 
ments in the United States for a, 
CHARLES OscAR PAULLIN, 325; Eu- 
genics, The Scope and Importance to 
the State of the Science of, Karr 
PEARSON, 385 


Institute of France and Some Other | Nature, Linné and the Love for, Ep- 


Learned Societies of Paris, Epwarp | 
| Newton, RicHarp Core, The Re- 


F. WILLIAMS, 439 


Japanese Volcano Aso, RoBERT ANDER- 
son, 29 


Kalm, Peter, Travels, Spencer Trot- 
TER, 413 


Kassett, CHARLES, Fertility and Ge- 
nius, 452 


Legislation, Recent, on the Mississippi 


warp K. Putnam, 318 


awakening of tne Physical Con- 
science, 156 

New York Academy of Sciences, Cele- 
bration of the Bicentenary of the 
Birth of Linneus, 94 


| Observatory, National, Early Move- 


ments in the United States for a, 
CHARLES OSCAR PAULLIN, 325 


River, Ropert MARSHALL Brown, | Paprni, GIovANNI, What Pragmatism 


131 


is like, 351 


Light, Speed of, and its Wave-length, | Paris, Learned Societies of, and the 
188 


Linneus, Bicentenary of the Birtn of, | 


Institute of France, Epwarp F.. Wi1- 
LIAMS, 439 








Celebration by the New York Acad- | PauLiin, CHARLES Oscar, Early Move- 
emy of Sciences, 94; the Place of,| ments in the United tates for a Na- 
in the Unfolding of Science, Wrz- tional Observatory, 325 
LIAM K. Grecory, 121; and the Love | PEARSON, Karz, The Scope and Impor- 
for Nature, Epwarp K. Putnam, tance to the State of the Science of 
318; The Place of, in the History| National Eugenics, 385 
of Science, ArTHUR O. LoveJoy, 498 | Peter Kalm’s Travels, Spencer Trot- 
Linnean Celebrations in Sweden, 284 | Ter, 413 





i 











Philosophical Society, American, and 
Benjamin Franklin, 92 
Physical Conscience, The Reawakening 
of, RicHarp CoLE NEWTON, 156 

Poe as an Evolutionist, FREDERIC DREW 
Bonp, 267 

Porncark, H., The Value of Science, 53 

Pragmatism, What it is like, GIOVANNI 
PaprintI, 351 

Prices, the Rise in, and the Salaries of 
Scientific Men, 569 

Probability, the Foundation of Eugen- 
ics, Francis GALTON, 165 

Progress of Science, 92, 188, 283, 379, 
475, 569 

Putnam, Epwarp K., Linné and the 

Love for Nature, 318 


Radioactivity of Ordinary Substances, 
W. W. Strona, 524 

Radium Emanation and the Transmu- 
tation of the Elements, 287 

Reawakening of the Physical Con- 
science, RIcHARD CoLE NEWTON, 156 

Refractor, the Lowell, Mars as seen in 
the, G. R. Acassiz, 275 

Retiring Allowances of the Carnegie 
Foundation and the State Universi- 
ties, 95 

River, Mississippi, Recent Legislatior 
on the, Ropert MARSHALL Brown, 
131; Colorado, Control regained, 
CHARLES ALMA Byers, 50 


Sacrifice of the Eyes of School Chil- 
dren, WALTER D. Scott, 303 

Salaries of Scientific Men and the Rise 
in Prices, 569 

Selection, Forms of, with reference to 
their Application to Man, G. P. 
WATKINS, 69 

Science, The Value of, H. Porncaré, 
53; the Place of Linneus in the Un- 
folding of, Wirn1am K. Grecory, 
121; the Place of Linneus in the 
History of, ARTHUR O. LoveJoy, 498 

Sciences, New York Academy of, Cele- 
bration of the Bicentenary of the 
Birth of Linneus, 94 

Scientific, Items, 96. 191, 287, 384, 
479, 572; Comedy of Errors. T. D. A. 


217 
Scott, WALTER D., The Sacrifice of the 
Eyes of School Chilaren, 303 


| Slavery among Ants, The Origin of, 


CocKERELL aridt-F. B. R. HELLEeMs, | 












INDEX 575 


WILLIAM Morton WHEELER,: 550 

Speed of Light and its Wave-length, 
188 

State Universities, and the System of 
Retiring Allowances of the Carnegie 
Foundation, 95; the Growth of, 477 

Statistics, Mortality, 475 

Strone, W. W., Radioactivity of Or- 
dinary Substances, 524 

Sweden, Linnean Celebrations in, 284 


Telephone Service, Notes on the Devel- 
opment of, Frep DELANp, 21, 139, 
226, 313, 433 

Temple, Greek, Recent Views of the 
Origin of the, ALEXANDER F. Cuam- 
BERLAIN, 448 

THOMPSON, SYLVANUS P., Address of 
the President of the Engineering Sec- 
tion of the British Association for 
the Advancement of Science, 337 

Transmutation of the Kiements and 
Radium Emanation, 287 

TROTTER, SPENCER, The Balsam Peaks 
—the Heart of the South Appala- 
chian Mountains, 149; Peter Kalm’s 
Travels, 413 


Universities, State, The Growth of the, 
477 
University Salaries, 58 


| Value of Science, H. Porncarf, 53 
Voleano, The Great Japanese, Aso, 
ROBERT ANDERSON, 29 

Voleanoes, Mexican, Some Little- 
known, HERDMAN F. CLELAND, 179 


Watkins, G. P., The Forms of Selec- 
tion with reference to their Applica- 
tion to Man, 69 

Wave-length and Speed of Light, 188 

Wealth of the United States, 382 

WHEELER, WILLIAM Morton, The Or- 
igin of Slavery among Ants, 550 

WHITAKER, NELLIE Commins, The 
Health of American Girls, 234 

| Witper, Burt G., What we owe to 

| Agassiz, 5 

| WiLt1AMs, Epwarp F., The Institute 

| of France and Some Other Learned 

Societies of Paris, 439 





| Zoological Congress, The Seventh In- 
ternational, 379 



































NOV DY oer 
Vou. LXXI. No. 6. DECEMBER, 1907 
THE 


POPULAR SCIENCE — 
- \- MONTHLY. 4 


; EDITED BY J. MeKEEN CATTELL 


5 
~ 


‘i CONTENTS 


Notes on Asiatic Museums. Proresson BashrorD Dean. . . . 4 481 - 


The Place of Linnzeus in the History of Science. Prorzssor ARTHUR RS 
0. LoveEsJoy. . . . . . . . . . ar = . . . . . . * * 498 ~ 


The Problem of Age, Growth and Death. Prorzssorn Cuartes 8. Minor, 509 
The Radioactivity of Ordinary Substances. W. W. Strona. . oy > a 


The Influence of Diet on Endurance and General Efficiency. Paes tee 
Russmzn, Hi, Currrenpen, . «te se 8 es 


Jean Louis Rudolphe Agassiz, Prorzsson Epwarp 8. Morse. . . . 642: * = 
The Origin of Slavery among Ants. Dr. Wit1Am Morton WHEELER . 560 | 
A Trip Around Iceland. L.P.GraracaP  . . ws ee ee "560 


| The Progress of Science : 
| 


ee 
- 


The Rise in Prices and the Salaries of Scientific Men ; The Maria Mitchell Me == 
morial ; Scientific Items . . . + . . . . e . e Py * 2 . 3 568 Pe 


| Fie Tndek tg Vola EXXT. 9G... NK Ue ee 


THE SCIENCE PRESS ae 
: LANCASTER, PA, . GARRISON, N.Y. rig] 
2 NEW YORK: Svs-Srariow 84 gee 
Sincrz Numsrr, 30 Cents . et 











a VOLUME I AND II NOW READY 
¢ Syclopedia of American Agriculture Be 
ie Edited by L. H. BAILEY. Complete in Four Royal Octave Volumes, with about 3,000 illustrat as 
in the text and 100 Full-page Plates. Price of the set, cloth, $20 net ; half morosco, $82 nef. 
Vol. I. General Considerations of Farms, Climates and Soils. Now ready, 
Vol, II, Farm Crops—General Facts relating to Plant Production: Individual Farm Crops. a 
Now reais 
SDictionary. of Philosophy and Psychology ~ 
Written by many hands and Edited by J. MARK BALDWIN, LL.D., with the co-operation of an Inter. 
national Board of Consulting Editors, and Bibliographies by DR. RAND. ere 

In three volumes: Volume I, $8; Volume II, $8; Volume III, (in two parts) $10 nets ; 


Volume III contains the «Bibliography of Philosophy, Psychology, and Cognate Subjects,” by 
Benjamin Rand, of Harvard University, in two parts. abe. 


Sa 
cols 





OMT Ree OR oh Re ee : 
a tear! eA Sr 


- a 


ot at 


Fe 


ef ; Bryan’ s Dictionary of Painters and Engravers 


A new edition of a work which has no rival for completeness and trustworthiness. 
vised, with over 1200new biographies and more than 4000 alterations necessitated by modern 


Five volumes, fully illustrated. Each 








3 Te ectopedia Biblica 
Pf —_Baited by The Rev. T. K. CHEYNE, D.D., and J. SUTHERLAND BLACK, LL.D., Aovisted by many 
ee Ee - Contributors in Great Britain, Europe and America. Cloth, $20 net ; half-moroceo, $30, : = 
/} Cyclopedia of American Horticulture i 
fs Bidited by L. H. BAILEY, assisted by WILHELM MILLER and others. 2,000 pages, with 2,800dliue 
trations and 50 full-page plates. Four volumes, cloth, $20 net; half morocco, $824 et. 


E : A Dictionary of Architecture and Building — 


By RUSSELL STURGIS, Fellow of American Inst. of Architecture, Author of ‘ European Archies Bt 
ture,”’ ete., and many Architects, Painters, Engineers and other Expert Writers, American and Fore } 
With Bibliographies, and over 1,500 illustrations. Three vols. Cloth, $18 net ; half-mor., $80) 


“| Dictionary of Music and Musicians 


ang @ By Sir GEORGE GROVE. Revised and greatly enlarged Edition, in Five Volumes. Each 
VS illustrated with a photogravure and twenty-four full-page half-tone plates, besides many pictw 
3 ‘ the text. Cloth, 8vo. Volumes I, and IT, now ready, Each $5.00 net, on orders for sets 














seh i _ Sold by subscription only. For full particulars as to special cash or instalment offers address 


|| THE MACMILLAN Company, °° Frm Ava, 


New York | 








yr. Gould is a good writer, a man of large learning, and his sin- 
cerity is not to be questioned.”’ w York Times. 


BIOGRAPHIC CLINICS 


An Original Series of Essays by 
GEORGE M. GOULD, A.M., M.D. 


Author of Gould’s Standard Medical Dictionaries 
Five Handsome i2mo Volumes. Cloth, Gilt Top. Price of Each Volume, postage prepaid, $1.00 net 


I.—The Origin of the [ll-Health of DeQuincey. Carlyle, Darwin, Huxley, and Browning. 223 pages. 
_Ii—The Origin of the Ill-Health of George Eliot, George Henry Lewes, Wagner, Parkman, Jane 
© Welch Carlyle, Spencer, Whittier, Margaret Fuller Ossoli, and Nietzsche. 392 pages. 
I1I.—Essays Concerning the Influence of Visual Function, Pathologic and Physiologic, upon the 
Health of Patients. The Life Tragedy of John Addington Symonds. Taine’s Ill-Health. 516 pages. 
IV.—Essays Concerning the Influence of Visual Function (Continued). Balzac, the Hero of **Over- 
' Work.’’ Tchaikovsky. Flaubert. Lafcadio Hearn. Berlioz. 375 pages. 
me V.—Essays Concerning the Influence of Visual Function (Continued). 399 pages. vy 
_ “DR. GOULD has conceived with the brain of a master-thinker and inscribed with the pen of a ready 
volumes of extreme readability, interest and importance ; on the whole, wise in tone, always force « 
usually graceful, often elevated in diction. The author has emphasized old and unappreciated truth; _ 
also added to the sum of truth. It is a work well worth the doing ; a work certainly not inferior to 
meroation of a new staining fluid, the synthesis of a new hypnotic drug or the description of anew 
} mplex; a work of which the true value will become more apparent as the years increase,.”’—. 


Write for Catalogue of Books on Biology, Chemistry, Medicine, Etc. 


P. BLAKISTON’S SON & CO., Publishers, }° ‘per 
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Just Published—A Solution of the Woman Problem 


‘SEX EQUALITY __ by emmer pensmore, m0. 


HE theories advanced by Dr. Densmore are based on the teach- 
ings of Darwin and Spencer, as well as on those of the latest 
and foremost supporters of the doctrine of evolution. 

Sex Equality teaches that women are more intuitive, refined, un- 
selfish, and spiritual, but at the present time are distinctly inferior to 
men in initiative, resource, power and breadth of view. 

Sex Equality shows that these mental differences between men and 
women are not fundamental nor the result of sex, but are caused by 
environment and heredity; that when each sex is fully developed 
there will not be, as now, masculine traits and feminine traits, but 
simply human traits; that women will be as mathematical, logical, 
philosophical, and inventive as men, and men will be as intuitive, 
refined, and spiritual as women. 

Sex Equality is a strong plea for extending democracy into all 
phases of human life. 

Furthermore, there are given good reasons for believing that the 
diminutive stature and inferior strength now characteristic of women 
are the result, not of sex, but of habits of life and heredity. 

Those who accept the doctrine of evolution will have difficulty in 
denying these conclusions. 


zr2mo. Cloth, Illustrated. Price, $1.50 net; Postpaid, $1.63 ah * 
| Fun & WAGNALLS COMPANY, Publishers, - New York and London | f 

















AMERICAN MEN OF SCIENCE 


A BIOGRAPHICAL DIRECTORY 
EDITED BY J. McKEEN CATTELL, 


Professor of Psychology in Columbia University ; Editor of Science and of The 
Popular Science Monthly. 


[From THE Eprtor’s PREFACE] 


This biographical directory of AmertIcAN MEN or ScrENCE was begun as a manu- 
script reference list for the Carnegie Institution of Washington, which made an 
appropriation of $1,000 toward the clerical and office expenses. It is hoped that the 
publication will be a contribution to the organization of science in America. There is 
here given for the first time a fairly complete survey of the scientific activity of a country 
at a given period. As a reference book for the field it covers, it may be even more useful 
in academic circles than Minerva or WHo’s Wuo 1n AmeErRIcA. But the chief service it 
should render is to make men of science acquainted with one another and with one 
another’s work. There scarcely exists among scientific men the recognition of common 
interest and the spirit of cooperation which would help to give science the place it should 
have in the community. It is fully asimportant for the nation as for men of science that 
scientific work should be adequately recognized and supported. We are consequently in 
the fortunate position of knowing that whatever we do to promote our own interest is at 
the same time a service to the community and to the world. 

There are included in the directory the records of more than four thousand men of 
science, and it is believed that the entries are tolerably complete for those in North 
America who have carried on research work in the natural and exact sciences. A staris 
prefixed to the subject of research in the case of about a thousand of the biographical 
notes. These are the thousand students of the natural and exact sciences in United 
States whose work is supposed to be the most important. 

The blanks were sent in all to about ten thousand who might have contributed to the 
advancemcnt of science and from the replies the names included have heen selected. As 
many as four requests were sent to those who it was believed should be included, when | 
they did not reply to previous applications. Proofs of all the biographies were submitted 
for correction — a second and a third copy having been sent when necessary —and 
revised proofs were sent after the corrections had been entered. 

It was intended that each entry should contain information, as follows : 

(1) The full name with title and mail address, the part of the name ordinarily omitted in correspondence 

being in parentheses. 

(2) The department of investigation given in italics, 

(8) The place and date of birth. 

(4) Education and degrees. 

(5) Positions with dates ; the present position being given in italics. 

(6) Temporary and minor positions. 

(7) Honorary degrees and other scientific honors. 

(8) Membership in scientific and learned societies. 

(9) Chief subjects of research, those accomplished being separated by a dash from those in progress. 














AMERICAN MEN OF SCIENCE 


A BIOGRAPHICAL DIRECTORY 


This directory should be in the hands of all those who are directly or 
indirectly interested in scientific work. | 

(1) Men of science will find it indispensable. It gives not only the 
names, addresses, scientific records and the like of their fellow workers, but 
also an invaluable summary of the research work of the country, completed 
and in progress. 

(2) Those interested in science, even though they may not be profes- 
sionally engaged in research work, will find much of interest and value to 
them in the book. 

(3) Executives in institutions of learning and others brought into rela- 
tions with scientific men will use the book constanily. 

(4) Editors of newspapers and periodicals will find it to be one of the 
works of reference that they will need most frequently. 

(5) Libraries will find the book to be a necessary addition to their 
reference shelves. 

The work has been edited with great care and is believed to be as com- 
plete and accurate as any book of the character. It is well printed by The 
New Eva Printing Company on all rag paper made expressly for the book by 
the Dill & Collins Company and is bound in buckram with leather label by 
the Trow Directory Printing and Bookbinding Company. 


Price: Five Dollars, net, postage paid. 





THE SCIENCE PRESS, 
Sub-Station 84, New York City. 





To THE SCIENCE PRESS, 
Sub-Station 84, New York City. 
Please find enclosed 


for five dollars in payment for a copy of the Biocgrapnicart Directory oF 





AMERICAN MEN oF ScrEeNcE, which should be sent to 


Name................ 


Date 

















THE POSSIBILITY OF A SCIENCE 
OF EDUCATION 


S. B. SINCLAIR, Ph.D. 


Vice-Principal, Normal School, 
Ottawa, Canada. 





The most thoroughly scientific, unpreju- 
diced, and scholarly treatment of the subject of 
Educational Aims and Means of the Profes- 
sional Training of Teachers that has yet ap- 
peared. 

The book contains extracts from replies re- 
ceived from thirty heads of departments in the 
hest American universities, in response to a 
questionnaire concerning the Value of Pro- 
fessional Training for Teachers. 

The work is one that should be in every 
public library, and should be read by everyone 
interested in progressive education. 

Address Dept. 33. 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO AND NEW YORK 











A Text-Book of Botany 
and Pharmacognosy 


By Henry Kraemer, Ph B , Ph.D 


Second revised and enlarged edition. With 321 
plates, embodying upwards of 1.500 figures, 
Octavo, 8410 pages, Cloth. $5.00 net. 


Intended For 
The Student of Pharmacy 
As a Reference Book for Pharmacists 
As a Handbook for Food and Drug 
Analysts 


** Will prove of great practical utility.”’ 
— Pharmaceutical Era, New York, 


J. B. LIPPINCOTT CO., Philadelphia 


Georgetown University 


School of Medicine and 
Dental Department 


The Fifty-eighth Session will begin September 27, 1997, 
and continue eight and one-half months. Practical labor. 
tery work, under special instructors, in Anatomy, Phygi- 
ology, Chemistry, Histology, Pathology and Bacteriology. 
Ample facilities for clinical experience and practical work in 
hospitals of city and in the University Hospital, containing 
in all over 3000 beds. For particulars address 

GEO M. KOBER, M.D. 

Dean School of Medicine, 1600 T Street, 
WM. N. COGAN, D.D.S. 

Dean Dental Department, ‘‘ The Sherman” 


Washington, D.¢, 
































Illustration shows 5-in. with pneumatic clock. 








Refracting and Reflecting 
Astronomical Telescopes 








Standard and Portable 


Visual and Photographic 
OBJECTIVES 


Computed by our associate 


DR. F. R. MOULTON 


(Chicago University) 
OBSERVATORIES 
Specula, Planes, Eyepieces, etc. 


Photographs and Circulars on request 


LOHMANN BROS. 


GREENVILLE, OHIO $3 $3 U. S. A 
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SCIENTIFIC BOOKS 





PRAGMATISM 


A new way for some old ways of thinking. 
By Professor WILLIAM JAMES, of Ilarvard University. 


Popular lectures on philosophy delivered at the Lowell Insti- 
tute in Boston and at Columbia University, New York. Pp. 
xiii +309, 


LONGMANS, GREEN & CO. 
London Bombay Calcutta 





IMMUNOCHEMISTRY 


By Dr. SVANTE ARRHENIUS, Director of the Division of Physical 
Chemistry at the Nobel Institute,-Stockholm. 


Six lectures delivered at the University of California, in 1904, 
the object of which was to illustrate the application of physical 
chemistry to the theory of toxins and antitoxins. Page ix+ 


THE MACMILLAN COMPANY 
New York 





FOODS AND THEIR ADULTERATION 


By Harvey W. WILEY, M.D., Ph.D., Chief of the Bureau of 
Chemistry. e 
This manual aims to give as thoroughly and intelligibly as 
ible an account of the various food products in common use 
n their natural and manufactured conditions, with the usual 
adulterations that have been found therein. Pp xii + 625, with 
eleven colored plates and 86 other illustrations. 


P. Blakiston’s Son and Co, Philadelphia 
PSYCHOLOGY 


Volume I, General Introduction, Vol. II, Laboratory Manual. 





By PRoressoR CHARLES HUBBARD JuDD, Yale University. 


A series of text-books designed to introduce the students to 
the methods and principles of scientific psychology. Illus- 
trated. Vol. I xii+389 pp. Vol. II xii+127 pp. 


Charles Scribner’s Sons, New York 





THE ELEMENTS OF THE SCIENCE OF 
NUTRITION 
By GrawamM Lusk, Professor of Physiology at the University 
and Bellevue Hospital Medical College, New York City. 


The book aims to review the scientific substratum upon 
which rests the knowledge of nutrition both in health and in 
disease. 326 pp. $2.50 net. 


W. B. Saunders Co., Philadelphia and London 





TH= HUMAN MECHANISM 
By THEODORE Hoven, Professor of Biology in Simmons College, 
and WILLIAM T. SEpGwick, Professor of Biology in the Mas- 
sachusetts Institute of Technology. 


The authors of this work believe that extensive and funda- 
mental changes must be made in the elementary teaching of 
physiology, hygiene and sanitation, if these subjects are ever 
to occupy in the curriculum of education the place which their 
intrinsic importance requires. Pp. 1x+ 564. 


Ginn & Co., Boston, NewYork, London,Chicago 


THE DUKE OF ARGYLL, K. G.. K. T., 
1823-1900 
Autobiography and Memoirs. Edited by the Dowager 
Duchess of Argyll, with Portraits and Illustrations. 


2 Vols. Med. 8vo. Cloth, $10.00 net. 
E. P. Dutton & Co., 31 West 23rd St.. New York 





CARBONIFEROUS OF THE APPALACHIAN 
BASIN 
By Joun J. STEVENSON 


Copies of this monograph, consecutively paged, with index 
and bound in cloth, 595 pages, can be had, postpaid, for five 
dollars each. 


A. E. Stevenson, 261 Broadway, New York City 





ELEMENTS OF PSYCHOLOGY 


By Epwarp L. THORNDIKE, Professor of Educational 
Psychology in Teachers College, Columbia University. 
I defy any teacher or student to go through this book as it is 
written, and not to carry away an absolutely first-hand ac- 
uaintance with the workings of the human mind and with 
the realities as distinguished from the pedantries and artifi- 
cialities of psychology.—Professor William James in the Intro- 


duction. 
A. G. Seiler, New York 


STUDIES IN GENERAL PHYSIOLOGY 


By Jacqves Lors, Professor of Physiology in the 
University of California. 

In these volumes, which form part of the Decennial Publica- 
tions of the University of Chicago, Professor Loeb has 
collected his most important papers bearing on the control of 
life phenomena. Most of the papers were originally published 
in German and have been translated by Professor Morton H. 
Fisher. Two vols. Pp. xiv +782. $7.50. 


The University of Chicago Press, Chicago 


EXPERIMENTAL ELECTRO- 
CHEMISTRY 


By Professor N. Monrok Hopkins, The George Wash- 

ington University. 

The book is so written that it may be read through as a 
history by the student, presenting theory and practise together, 
with the introduction of an ample number of experiments to 
supply experimental evidence for the theories advanced.— The 
author's eface. $3.00. Pp. xiv+284 with 130 illustrations. 


D. Van Nostrand & Co., New York 











POETRY AND THE INDIVIDUAL 
By HarRTLY BURR ALEXANDER, Ph.D. 


An original analysis of the psychology of imagination and a 
criticism of some of the ethical implications of evolution. 


Crown 8vo. Net $1.50 
G. P. Putnam’s Sons, New York 





CONGRESS OF ARTS AND SCIENCE 
Edited by Howakp J. RoGcrrs, Director of Congresses. 
Volume I: History of the Conga, by the Editor; Scientific 
Plan of the Congress by Professor HuGo MUNSTERBERG ; 
Addresses on Philosophy and Mathematics. Pp. ix+626. $2.50. 
Houghton, Mifflin and Company, 
Boston and New York 





PHYSICS 


By Professor CHARLES RrBoRG Mann, The Universi of 
Chicago and GEORGE Ransom Twiss, the Central Hig. 
School, Cleveland, 


The aim has been to show the student that knowledge of 
physics enables him to answer aay of the questions over 
which he has puzzled long in vain.—The author's preface. 

8vo, x + 453 pp. 


Scott, Foresman & Co., Chicago 





A TEXT BOOK OF PHYSIOLOGY 


By Dr. Wittiam H. HowEtt, Professor of Physiology in the 
Johns Hopkins University. 

The author has endeavored to make the student realize that 

physiology is & growing subject, continually widening its 

howledge and readjusting its theories, Second revised 

edition. Pp. 939. 


W. B. SAUNDERS, Philadelphia 





*** Advertisements of new books of interest to readers of the MONTHLY will be inserted on this page for one dollar. 


FOREST UTILIZATION, MENSURATION 
AND SYLVICULTURE 


By C. A. ScHENcK, Ph.D., Director of the Biltmore Forest 
School. 
Mailed upon receipt of $5.00. 


Biltmore Forest School, Biltmore, N. C. 











LIBRARY OF PHILOSOPHY, 
PSYCHOLOGY AND SCIENTIFIC METHODS 


Edited by Prorrssor J. McKEEN CATTELL 


THE VALUE OF SCIENCE Just Tesued, 


By M. Henri Porncark, Member of the Institute of France; lately President of the Paris Academ 
of Sciences ; Professor of Mathematical Astronomy in the University of Paris and at the Ecole 
Polytechnique. Translated from the French with an introduction by Professor GrorcE Bruce 
HALSTED and a special preface by the author. 


Pages vi + 147. Large Octavo. $1.25 net. 


M. Poincaré having attained the highest eminence from his researches in pure mathematics, mathematical 
physics and celestial mechanics, has recently directed his keen intellect to the consideration of questions cop. 
cerned with the methods, the meaning and the value of science. Readers of Tue PopuLAR Science Montuiy 
who from month to month have had the advantage of reading chapters from this work will be glad to have it 
in book form. It appears to be in France that fundamental ideas are most likely to be treated with clearness 
and in an attractive literary style, and M. Poincaré is at the same time the leading French man of science 
and one of their greatest men of letters. ‘The clearness and admirable style has been maintained in the trans. 
lation which was made with the cooperation of the author and is introduced with a preface by him. 


SCIENCE AND HYPOTHESIS 


By M. Henri Poincaré. Translated from the French by Proressor GrorGE Bruce HALstep, with 
a preface by the author and an introduction by Proressor JostanH Royce, of Harvard University, 


Pages xxxii + 196. Large Octavo. $1.50 net. 


This book displays the same understanding of fundamental scientific and philosophical problems and the 
same literary skill as the volume on the Value of Science. The original French and the present translation 
have been highly praised. The terminology is untechnical, and the style of the author and his thought are +o 
clear that the work will prove of interest to those who have not had a technical training, while it is at the 
same time an important contribution to the philosophy of mathematics and the exact sciences. It is an excel- 
lent text-book for classes in philosophy. 


EDUCATIONAL PSYCHOLOGY 


By Epwarp L. THornpikE, Ph. D., Professor of Genetic Psychology in Teachers College, Columbia 
University. 


Pages viii + 177. Large Octavo. $1.59 net. 


In this book Professor Thorndike applies to a number of social, and especially educational problems, the 
methods of exact science. The topics are treated in the light of the most recent researches and with the aid of 
modern technique. The book thus provides those interested in education as a profession or as a feature of 
American life with a sample of scientific method in this special field as well as with important information 
which has hitherto been inaccessible. The attitude of the author, who is the head of the department of edu- 
cational psychology in Teachers College, Columbia University, and the author of numerous original contribu- 
tions to dynamic psychology, is that of a candid and painstaking student of the work that has been done in this 
field and upholds rigorous ideals of scientific accuracy and logic. The book is so written and illustrated as to 
be readable and teachable. 


AN INTRODUCTION TO THE THEORY OF 
MENTAL AND SOCIAL MEASUREMENTS 


By Proressor Epwarp L. THORNDIKE. 
Pages xii + 212. Large Octavo. $1.50 net. 


This book is valuable, in fact indispensable . . . written in an attractive style.—Proressor E. F. Buca- 
NER, of the University of Alabama, in T’he Educational Review. 

The best introduction to statistical theory yet published, and a text-book that ought to mark an important 
departure in college training. If I had the making of the list of required studies in an American college 
course, I should put into it a term’s drill in this book of Professor Thorndike’s, whatever mathematical re- 
quirement I had to throw out to make place for it. Or, if necessary, I would substitute it for the required 
work in political economy ; for it is a book that opens up, as nothing else ever has opened, the whole realm of 
scientific ideas and scientific methods in the so-called, but not really, inexact sciences.—]’ROFESSOR FRANKLIN 
H. Grpp1nes, of Columbia University, in the Journal of Philosophy. 


THE SCIENCE PRESS 
Sub-Station 84 
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SCIENCE 


A WEEKLY JOURNAL DEVOTED TO THE ADVANCEMENT OF SCIENCE, PUBLISHING THE 
OFFICIAL NOTICES AND PROCEEDINGS OF THE AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 





ScIENCE was established in 1883, and was at once accepted as the organ of American 
men of science. The sum of eighty thousand dollars was spent in its establishment and support 
by Professor A. Graham Bell, and the late Hon. Gardiner G. Hubbard. Large as the sum may 
appear, it is small in comparison with the value of the Journal to science in America. SCIENCE 
is now under the charge of an editorial committee, consisting of the leading men of science in 
America, with Professor J. McKeen Cattell, head of the Department of Philosophy and Psy- 
chology of Columbia University, as the responsible editor. The Journal has adequately and 
fully reflected the progress of science, and has been an important factor in itsadvancement. Its 
contents have maintained a high and even standard, comparing favorably with any journal in 
the country. It has stimulated scientific activity and interest in America and has led to a 
tuller recognition of American science abroad. The contributors to SCIENCE represent practically 
every scientific institution in America showing scientific activity. The articles, reviews, corre- 
spondence and notes cover completely the field of science. ScIENCE is published every Friday. 
Each number contains forty double-column pages of reading matter, and over 2000 such pages, 
making two large volumes, are published annually. The subscription price is $5.00 per year 
or $2.50 per volume. Single numbers are sold for 15 cents. 





THE MACMILLAN COMPANY °° FIFTH AVENUE 














THE JOURNAL OF PHILOSOPHY 
PSYCHOLOGY AND SCIENTIFIC METHODS 


There is no similar journal in the field of scientific philosophy. It is identified with 
no philosophical tradition and stands preeminently for the correlation of philosophy with 
the problems and experience of the present. 

The current volume (IV) contains, among other valuable articles :— 

The Control of Ideas by Facts: Jonn Dewey. 

The Doctrine of the Eject : Grorce Stuart FULLERTON. 
The Absolute and the Strenuous Life: Writ1t1am JAMEs. 
Individual and Social Ethics: A. C. AkMsTrONG. 
Pragmatism vs. Skepticism: F. C. 8. ScHILuEr. 


Prolegomena to a Tentative Realism : E. B. McGiivary. 


Published on alternate Thursdays 


Sub-Station 84, New York City 


$3.00 per Annum, 26 Numbers 15 Cents a Copy 





Fossils, Minerals, 
Shells, 
Mounted Birds 


and Mammals 


| Por the amateur or advanced collector. Tools and 
yplies for all kinds of Natural History work. 
ed catalogue free. 


A. W. JONES, 


377 Salina, Kansas 





BEFORE DECIDING 


WHERE TO ATTEND SCHOG; 


Send fo Valparaiso University, ¥ 


Cataog of 
One of the Largest Universities and Training © 
Schools in the United States 


25 Departments 166 
Excellent Equipments 


Expenses less than at any other school. Catalogue - 
free. Address ? 
H. B. BROWN, 


or 0. P. KINSEY, Vice # 
Our thirty-fifth year will open September 3, 1907, 





-RESS CLIPPINGS. 


— you in touch with all the 
live topics of the day. Our 
trained staff of readers will 
ather every scrap of press 
tion on any subject 
from the leading current publi- 
og of the country, includ- 
mamaaeets, sags 
trade and class Semetle, So a 
special trial six tre for $2.50. 


STATES PRESS CLIPPING BUREAU 
(PUB) BLDG., CHICAGO, ILLS. 


A NEW BOOK. 
\ Constructive Method 
. In Histology 
; igi He Tate 


J. S. youre. M.D. 


oe vf nt Waivers Nadie decks 
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itective models for demonstra- 


consis of we prt: ( 
and outlines setting 


Fame motor and non-motor characters, the con- 


method employed in the formation of tubular | 


and (2) a case of curvilineal, tissue models 
ve outlines for the construction of micro- 
sections of those organs. The object of the 
es yeiaee memory work in Histology to a 
by the use of the constructive faculties of the 


sections of the organs of the body | 


ay 4d : Mi i 
(aoe be constructed by the models representing the 
aie 1s tissue and coats, and this act of con- 


directs the mind to the real layers and coats _ 


epee peter the esloveseope. Price, $3.75. 





of structure of the animal | 


Pathology, Medical Depart- | 


1 book of text, | 
Pe Endo as build- | 
tubes as ong -teanphirm structures of the | 





LEARN TO BE A WATCHMAKE 


BRADLEY POLYTECHNIC INSTITUTE 
Horological Department 
Peoria, Illinois 
Formerly Parsons Horological Inst. 
Largest and Best Watch 
School in America .. . 

We teach Watch Work, Jewelry, Engraving, 
Clock Work, Optics. Tuition reasousble. 


Board and rooms near school at moderate rates. This entire 
end fer Catalog of Info: mation. clusively nap wi 


BEAUMONT 





college for girls and young Indien, 
beautiful location in America, 
modern. Hot water heat, electric light, latest plum 
baths. Approved University methods, including m a 
modern languages. Founded in 1841. COL. TH. 
A.M., Pres. (Alumnus of University of Virginia), 
burg, Ky. 








OUTSTANDING ERRORS OF 
NAUTICAL ALMANAC 
By DODGE P. BLACKSTONE 


This publication by new Mathematical 
reaches the same conclusions for preceeay 1 
tion, mass of Moon and the ellipticity of 
Earth as usual demonstration. 

The new method applied to determine the 6 
standing errors of the ‘“‘ Nautical Almanac” 
counts for the so-called ‘“‘ Wabbles”’ of the pa 
axis of our globe. The maximum of 
of 15 feet as measured at either pole for per 
one month, likewise 28 feet for one year due ¢ 
cause and likewise 27 feet for 426 days for 
cause are explained. 

Owing to the eccentricity of the Moon's 
the usual method fails to account for 1! 6 sees 
of are for her motion in orbit for a period ‘ 
century, or 1836 seconds since the date 
Peleny. recorded by the ancient 

Ptolem 


Likewise the usual method for the mo 
the planet Mercury fails to account for n 
seconds for period of one century. 

These yee ons g errors inherent in 1 
method are accounted for both by observati 
the mathematical demonstration of Mr, Bla 
stone. There is much else of value in this 
cation to astronomers. 


Revised edition, 12mo. 76 p. $1.00. a 


GEO. C. HICKS, Berlin, Wis.,U.S.A.,F 
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Entered in the Post Oftce wn Lanoaster, Pa., as second-class matter. 





CONTENTS OF OCTOBER NUMBER 
A Trip Around Iceland: L. F. Gratacar. 


The Sacrifice of the Eyes of School Children: Pro- 
fessor WALTER D. Soorrt. 


‘Notes on the Development of Telephone Service. 
Frep DELAnNr. 


Linné and the Love for Nature. Epwarp K. Putnam. 


Early Movements in the United States for a National 
Observatory. CHARLES OscoAR PAULLIN. 


Address of the President to the Engineering Section 
of the British Association for the Advancement of 
Science: Professor SyLvanus P. THOMPSON. 

What Pragmatism is Like. GIOVANNI PaPINi. 

_ The Problem of Age, Growth and Death. Professor 

CHARLES 8. MINOT. 


The Progress of Science : 
The Seventh International Zoological Congress ; 


The Wealth of the United States ; Scientific Items, _ 





CONTENTS OF NOVEMBER NUMBER 


The Scope and Importance to the State of the Science 
of National Eugenics: Professor KARL PEARSON. 


Peter Kalm’s “Travels”: SPENCER TROTTER. 
A Trip around Ieeland: L. P. GRATAcAP. 


Notes on the Development of Telephone Service! _ 
FREep DELAND. 


The Institute of France and Some Learned Societies 
of Paris: Dr. Epwarp F. WILLIAMS. 


Recent Views of the Origin of the Greek Temple: 
Dr. ALEXANDER CHAMBERLAIN, 


Fertility and Genius: Caries Kasse. 


The Problem of Age, Growth and Death. Professor 
CHARLEs 8. Minor. 


The Progress of Science : 


Mortality Statistics: The Growth of the State Uni- 
versities ; Scientific Items. 





p@ The MONTHLY will be sent to new subscribers for six months for One Dollar 
SUBSCRIPTION ORDER 


To THE SCIENCE PRESS, 


Publishers of THE POPULAR SCIENCE MONTHLY, 
Sub-Station 84, New York City. 
Please find.enclosed check or money order for three dollars, subscrip- 
tion to THE POPULAR SCIENCE MONTHLY for one year, begin- 


ning December, 1907. 


Please find enclosed from a new subscriber one dollar (sent at your 
risk), subscription for six months to THE POPULAR SCIENCE 
MONTHLY, beginning December, 1907. 


Name 


— 





Address 











gle Numbers 30 Cents 


THE SCIENCE PRESS 


41 NORTH QUEEN ST., LANCASTER, PA. 
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as secondary be oe work, which 
are producing under the direction of Pro- 
- fewor W. F. Ganong, of Smith College. 
Hi New methods of teaching botany make 
this apparatus indispensabl =. 
‘3 Experiments in photosynthesis, transpira- 
jon, osmosis, respiration, may be carried on 
y the use of this apparatus, so as to render 
intelligible to students. 
e descriptive catalog with full 
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Stand only, price 96 eo) 
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WATSON & SONS, Microscope Manufacturers, 
WHOLESALE AND RETAIL 
313 HIGH ROLBOER, LONDON, ENGLAND 
Establiched 1837. Awarded 42 Gold and 
scopic Objects may be conveniently sent to +i Uv. 8. oh be 
American Agents: The Scientific Shop (A.B. Pomrgs) | 
1245 Monon Building, 824 Dearborn Street, Chicago, 
orders should be sent. 
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Collection of Lantern’Slid t i 
Seace of the plates of the latest. ‘edition < . Bos 
usch’s and BE. Wulfing’s text-book kro 
Physiographie,” Vol. 1., Parts £. oxi Te Seay 


Rosenbusch-Collection A (Plates IV.-XVL, Vek 


on I.), showing growth of crystals, 


, deformations, &e.; 76 slides, 106 Marks, ~ ae 
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New Supplement of the nqu lection 

Valparaiso and San Prapeme ‘ Q 

36 Marks. a 

Ask for our New Semestrai Lists of Minerals; R " 
Fossils, each separate. Minerals sent for li Z 


Collections of Minerals, Fossils, Meteorites: 
for cash or exchanged. 
Dr. FP. KRAN 
RHENISH MINERAL OFFICE, BON 


Established 1833 GERMANY. Estab 
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